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a 
Horaagn Akagqemuu nay CCCP 
‘ 1961. Tom 138, Ne 1 


MATEMATHKA 
Ji. A. AASEHBEPL 
 WHTEFPAJIDHBIE MPEACTABJIEHMUS ®YHKILMM, POJIOMOPOHDbIX 


i B KPATHO-KPYIOBbIX OBJIACTAX 

* (IIpedcmaeaexo axademuxom B. H. Cmupnossim 6 XII 1960) 

; _ fina MmpoctToTs! 3amucu Uciomb3yem oOosHaueHHA: z = (21,..., Zn), 

me (cr ., C.) (z;, €; — KoMmaeKcuple HCA) Wile (ele ee eee) 

2] = (i\zi|,- - ., | Zn(); R=(ki,..., Rp) (kj;— uenble  HeoTpula- 

Mereieanie uncna); ||ki|] = ki +... +h (2 = afte. vokes 2* 2... ke. 
‘WAL 520 cares Zyl 2 @ (|S |) = (qu (J5 aes - Pn (| & |)) (@; (| 6 |) —Komnnekc- 
|HOSHadHBIe cdbyHKuuu |C\); p*(\o|)— gi... ont; d0/C = d/h... df,/C,; 
ete 0) (0 <0; < 25); dd = dé, .. . dG,. 


Ilycts D — nomHaa orpaHnueHHand KpaTHo-KpyrosBan (1, 2) OOmacTb Cc WeHT- 
POM B HaYade KOOPAMHAT MpocTpaHCcTBa N KOMMJIeKCHLIX TepeMeHHbIX C”. Co- 


MocTaBuM KaxkOH TouKe z o6macTu D TouKy | Z| B NOOx*KHTebHOM OKTanTe RY 
) mipoctpauctsa R", o6pas oOmactu D mpu 2sTOM oTOOpaxkenun OOo3HaduMD’,. Tpa- 
) aura I o6nactu D coctout u3 MHomectsB Aj; = {2: z; = | G;| ee, O< 0; < 2a, 
® j= 1,...,n}, rae || npoOeraet rpanuny y oOnactu D’. 
' 1, Ha noymHoxkecTBaX MHOXKECTBA Y 3aaM4M KOHEYHYIO KOMMIeKCHYy10 Mepy 
» v (CS) (®, erp. 121). Yauterwas, uto 
: —— \ eS =[cric|* 6%, (1) 
j (Qni)” . 4 | | R, R ‘ 

(| 


OP POO rah + we 


rye on % = (0, ecu kek, On fl, ECM Kh = k, HM 3afaBad MocweqoOBaTeJb- 
HOcTb {%p,(|¢|)} u3smepHMbIX M CyiecTBeHHO orpaHHyenHpix ((*), cTp. 89) 
oTHOcHTeIbHO | v| (| C|) ((?), erp. 125) dyxKuui, nowyuum OnopToHopmMupoBaH- 


nyto Ha T cuctemy {C*, C# wp, (|C)) | 6 |2On}, On = Seen dv (| ey T. 


} sage Var) | BAEE we) bp = = 6,7. 
Sa! ey Arr Les 
f PaccmoTpuM yHKILHt0 
H (2th) = pa zhch ae bp. (2) 


V3 pesybtatos padors (2) BbiTeKaer pes oxweHHe: fA Toro YToOb! pag (2) np 
(uKCHpoBaHHoM ¢ cxogusca B OOmactH D, HeoOxofMMo HM flocTaTOUHO, ITOODI 


at /\\RA\ 
Stim (AED ah (D)] <1, me d,(D) = sup|z/ = 
Feet pepe Hel ae) ] <1, me dh (D) = sup [2 P= 
y IIpeqnosoxKuM, UTO HepaBeHcTBO (3) BLITIOJIHAeTCA JIA MOUTH BCeX (B CMBICJIe 
+ meppr|v|(|¢|)) |¢| 43 y 4 4TO mpu KaxKom PUKCHpOBaHHOM Z, zED, pag (2) 
CXOJMTCH B CpeHeM (OTHOCHTeIbHO Mpov3BeqeHua meppt |v| (| C|) 4 Mepsr, 
COOTBETCTBYIOIeH Aupdepenunary di). Tora cnpapeqiuBa Teopema: 


9 


Sup oc o) 
z| ED’ 


Teopema l. Jycmo f(z) eoaomoppua 6 o6aacmu D u nenpepoiena 6 
samKuymot obaacmu D. Jan Kkaocdot mouku z, z€D, 


Fa=—-~ Savqen) FOFed FS. (4) 
ee Alt ; | 


Moxa3atTeabcrTso. Bcnpasesmusoctu dopmys (4) Aa pyHKoun, 
rOOMOPHBIX B 3aMKHYTOM oOacTH D, merKo yOequTscsx, pasnoxus f (6) 
M3 mpapoli uacru (4) B KpaTHBI cremeHHol pA. SaTeM C MOMOLLbIO OObIMHBIX 
paccyxxeHuli JemaeTcH Mepexok K yHKUMAM, TOOMOPPHEIM B oOnactu D 
MW HelIpepbIBHBIM B 34MKHYTOM o6mactu D. OTmeTum, 4To sfpo H (2, 6) B unTer- 
paslbHOM mpefcTaBieHun (4) romoMopHO Ho Z. 

2. Tonoaxum py (| |) = (6). Torna H (2, ) =D) 2b" @" (| ED Sle be = 

k 


=h(atigr(\C)|Gl?,..., 20 Galo) |G), te # — ronomop@uas 
(PYHKILMA  KOMIMJICKCHBIX Il€peCMeHHbIX. 
Teopema 2. Ilycmb Oana eonromopduan pynkyua 


h (2) = D\anz". (5) 
k 


Jan mozo umobet dynkuusa h mozaa Ooi’ ucnoabs0eana 6 Ka4ecmee AO pa 6 unMee- 
paAbHom npedcmasaenuu euda 


r= Gale denl 1@ alab 


ecb 5 Bee (6) 
at [Gi |? ? ibe ahuee epee: aC eal aK 
OOCMAMOUHO BbINOAHEHUA CAeOYOUUX mpex ycaoeutt (ycaoeua 1) u 2) ABAAIOoCA 
makore HeoOXOOUMbLML): 

1) Cywecmeyem Koneunasn Komnaekcnaa mepa Vv (|6|), 3a0aHHaA Ha nodmHo-— 
nceCMBbAX MHOIWKeCMeA Y, MaKaA, “mo npoOn~ema mOMeHINOE 


a =) E) av (ie) (7) 


x 
paspetuma 6 KAACCe U3MePUMBLX WU CYWECINGEHHO OepAaHUdeHHodlx OMHOCUMENBHO 


Pet dynkyud @ (| o|) = (i (/b!),--- Pn (lS 


Alaa noumu ecex |G|, | C\|€y (6 cmoicae mepor i (||), 
‘Tim = [| @* (| SI IEF *} | al de (DYE <1. 


I| R ||-+00 


3) Tim ||ax| dx (D) \ RCD a) vig aie ore 
II # I|-+00 eG 

SameTuM, UTO ecm cbyHKuNaA h MoxeT ObiTh HCMOb30BaHa B KavecTBe Apa 
B HHTerpasIbHOM TipescTaBseHHuH (6), TO BCe a, OTMMUHHI OT HyA. Tlostomy mpo- 
6jleMa MoMeHToB (7) Bceryqa HMeeT CMBIC.L. 

Urobp nomyuuTs Gomee O6o3puMpIe yCJIOBMA CyLeCTBOBAHHA HHTerpasbHO- 
ro mpescrapenua (6), paccmoTpuM cayyai, Korza g,(| S|) >0,j = 1,..., A. 

Teopema 3. JTycmb Oana 2onomoppxaa dyxkyua h, npedcmasumasn ps- 
dom (5). aa mozo umobo dynkuusa h moera Oolme ucnoabs0eana 6 Kauecmee AO pa 
6 UNMeepanaobnHom npedcmasnenuu euda (6), ede @;(| S|) > 9, v (|S|) Heompuya- 
MeAbHa, HeOOXOOUMO U OOCMAMO4HO 6bINOAHeHUA cAeOyrOLUX OeyxX ycAoéeut: 

1) Cywecmeyem Koneunas Neompuyameronas mepa v (| G|), 3a0aHHaA Ha nOd- 
MHODCeECNCAX MHODICeECMeA Y, HOCUMeNeM KOMOPO ABAKEMCA Y, MaKaA, 4MO Npo- 
Orema momenmos (7) paspeulima 6 KAACCe HEOMPULAMeAbHoLX UBMEPUMBLX U CY- 
CECINBEHHO O2paHUdeHNolx OMHOCUMeAbHO mepol V (| S|) dynKyudl. a 


2) Ecau @ (| 6|) — pewenue npoOsemor momenmoe (7), mo Oana ecex k 
sup vraig* (| |). [max |¢|*]-+ = sup vrai p* (| €\)| S|-* *. (8) 
a4 ag x 


{0 


Sup vrai paccMaTpHBaeTCA OTHOCHTeAbHO Mepbl V (|€ |). 


Woka3sateaperTso. aa mobo HeoTpuuatetbHol CyulecTBeHHO 
_orpanwuennot (bynKuuu F (|C}) lim [\F (| S|) dv (| 6) [vm = sup vrai F (| $)), 
m—>co x 
n¢ 


MH MOSTOMY Hep aBeHCTBO 
sup vrai p* (| £|)- [max | C\*]-2> > sup vrai p* (|S) | o{* (9) 
26 


| SKBUBaJICHTHO yCJIOBUAM 2) u 3) Pree ze Cee eee oOpatTHoe HepaBeH- 
| CTBY (9), oveBHAHO. 

| 3. YxKaxkem BaxkKHoe pHsioKeHve pesyJbTaToB n. 2. SapuKcupyem oOacTb 
"Do u nmonowum g,(|6|)=|(G, f=1,...,n. Paccmotpym cyHKuuio 


ito (Zz) = Sen", rye 
. Rk 


4 = { | t)have(/). (10) 
Ilo Tteopeme 3 umeeT MecTo HHTerpasbHoe mpeycTapsenue 
Babs i527 me) (ED) F() ho (ats... 206) (ll) 


Alc 
fe yo — rpanuma o6acTu DoB R*_. AApoM B MuTerpasbHOM mpexcTaBsrenun (11) 
“ABIACTCA PYHKUMA, rosOoMopdHad mo z UM no C,— Tak Ha3bIBaemoe Apo Cere. 
HO MOJIHOCTbIO OMpefemsetcaA 3aaHvem OOnacTH Do HM Mepnt Yo (| C|). Kaxknaa 
oOacTb WMeeT CBOH spa Cere. 
PaccmMoTp¥M Mmpou3BoubHyIo oOnacTb D Mm mocTaBuM 3aauy: HeIb3AaA WH 
“BbiOpata dyukunn g;(|C|), j= 1,...,2, a mMepy v (||) Tak, 4ToOn aaa 
“o6nactu D wmeno mMecta HHTerpaibHoe mpesctaBsenve (6), The h (Zz) = ho (2). 
Beerya MoxKHO Tak BbIOpaTb g;(|F|) Hv (| S|), YToObI a, H3 (7) paBHAHCh, 
“COOTBETCTBEHHO, Cp 43 (10). Ecau tax BpiOpanupie @; (| 6|) yHoBseTBopsxIoT ycso- 
BuO (8), TO HCKOMoe MHTerpasbHoe MpescTaBsieHve cyuectByet. Ycnosue (8) 
OyleT BbINOMHATECA, ecnu D npvHagmexKuT K HeKOTOpomy kKvlaccy oOacTel, 
jaBucauemy oT o6nacTu Do. Utax, ecau 2onomopdras dynkyua ho aganemca 20- 
om Ceee 6 uHmeepanbHom npedcmasaenuu (11) Oars o62acmu Do, mo ona moscem 
‘DolMb ucnoAvsOGAHA 6 KaYecms6e ADPA 6 UHMeepaAbHOM NpedcmasBAeHuU (6) daa 
‘Hekomopoeo Kaacca o6aacmett D. Yipupeem HecKouIbKO MpHMepoB, paccmaTpH- 
(Baa IA MpocToTH! c1yual ABYX KOMIVJICKCHbIX MepeMeHHbIX. 
| A. [Maa runepmapa Do = {z: |z1 |? +|22\? < 1} umeer ecto uuTerpanb- 
“Hoe mpeycTaBsieHne 


‘ jel C= aay Mit 1|d| Ga] | bibles Ho (12) 


(1 — 21 €1 — 2262)? $ 
al 


Fl Ecau o6nactb D = {2: (25 < @ (| 21|)} BpimyKaa u dyHkuna DO’ adcomor- 
4 HeMpepbiIBHa, TO AA STOW educa TlOy4uuM HHTerpant TemasaxKosa (3, *) 


FO= aye (or (| G1) 4 & x 


Ry f(t) dt 
J, Ars gr Ge I)1ta eae po (aD) Seley? 
Me gla) =|al/ 0 (a) lao’ (a)—B|Gapl*, 2 (fal) = 


l—q (Ji), |= O(a), 0<| al <r. 

_ TouwHo TaK xe Teopema 3 MO3BOAeT NOYYNTS MHTerpasbuble MpencTaBue- 
‘HUA, ABIAIONMeCA pactpocrpaHeHuem Ha c1ydai f KOMIVJICKCHBIX NepeMeHHEIX 
‘HHTerpabHEIX MpenctaBenui Temaakopa (° ,”). OrmeTuM, 4TO MHTerpasbHoe 
MpedcTtaBnenue TemiakoBa — e4MHCTBeHHOe M3 H3BeCTHBIX JO CHX Nop HHTer- 
[PAbHLIX NMpeAcTaBneHHuli, KOTOPoe MoxKHO CBeCTH K BUI (6) (a He (11)). Oxo x 
MOCIyKUNO TOMIKOM WIA HacTOAMeH padorTel. 


Nid 


B. Jlua runepxonyca Do = {2: |z1| + |22| << 1} Meer mecTo, Kak MOx- 
HO TlOKa3aTb, Hip eaP apeee mipeylcTaBsIeHve 


a ( (4—x—y) (1 + 2xy — x? — y?) + B xy 
ee “oar Vit \ [4 x? + y? — 2x — 2y — 2xyP? Moin 
t4 
xe Vy ae. 
OTO MHTerpasbHoe mMmpescTaBlenve MOKET ObITb pacnpocTpaHeHo Ha KvJiacc 
oOnacteli, Souee WMpOKHii, YeM KaCC BbINYyKIbIX OOnacTel. 
C. Pesyapraty un. 1 u 2 MoxHO pacnpocTpaHuTb Ha HeKOTOpble HeorpaHH- 
yeHHbie oOvacTH. Hanpumep, faa oOnactu Do = {z: | 2)? << 2|In| ie 
O<|a|< 1} “meer mecTo WHTerpaibHoe MpegcTaBeHne 


j (2) = \ cca oe ae 
= 1 1 =e ie ‘ 

ia Ae (1 == 2068 2 a 

4. Céc€wyM npedpyyuue pesysbTaTH crexyicmumM c6pazom. MroxKecTBo 
E,EC y,HasckemM rpaHH4YHPM AAA OMHOUNEH OB, CCIM A Kax- 
noro k cymectByet TouKa |C|€ E taxas, uto |C|*'= d, (D). Bo3bmem Koneu- 
HbIM WIM CueTHBIM HACOp 3AMKHYTBIX MECXKECTB Vp, Vp C Y, TAK, YTOOb] MHOXKE- 
cTBo |) yp Cblm0 TpaHv4HbIM VIA CHOUNeHOB. PasoObemM COBOKYMHOCTb BeKTO- 


| ea 


p 

poB k Ha mHoxecTBa Np, OTHOCA BeKTOp k kK CAHOMY H3 TaKMX MHOKeCcTB Np, 

uTo sup |C|* = d; (D). Ilyctb na Ay, |C| € yp, 3a84aHa KOHeUHaA KOMIIeKC- 
Itlerp 

Had Mepa tw, (6), NpHuem AA R € Np W sm00bIx k MMeeT MECTO CBOHCTBO, aHaso- 

ruuHoe (1). Ha ncfmMHoxmecTBax Kak [loro MHOXKECTBA Yp, 322MM KOHEYHYIO 

KOMIWI€KCHY!O Mepy Vp (| C|). PaccMoTpHM MoceAOBaTeNbHOCTh {Py (| Cl) dren ps 


|S|€ Vp, PYHKUNH, USMepUMBIX H CyleCTBeEHHO OFpaHHyeHHbIx OTHOCHTeNBHO 
iv, \(/¢). BBenem dyHKunu 


ca Uh ue 
Hy (2, Shee 0 ee (13) 
nen, : 
mie O,5= \ We (| Sl) dVp (| ne . [Ipeqnouiox%KHM, YTO HepaBeHcTBo (3) (REN>») 
3g 

BpITIONHAeTeH WIA MOUTH BCex (B CMbICNe Mepbr | Vp | (| S{)) | S| 43 Yp H 4TO npH 
KaxKJloM (PHKCHpOBaHHoM Z, z€D, pag (13) excqutcs BCpeqHem (OTHOCHTeEIbHO 

npousBeyqenna mep |vp| (|Cl)X |p| (6)). Torna cnpaBeaauBa Teopema: 
Teopema 4. Ilycmp f (2) eonomopdxa 6 o62acmuD u KHenpepbiéHa 6 3aMK- 


Hymou OOANacmu D. Jaa kancdoti mouxu z, z€D, 


FQa=—-~ DN aden) FO Ape 0 aus O: 
Peas Are) 

Teopempl 2 4 3 paciipocTpaHsioTca anasiorM4Ho. Ec mp 9TOM KaKOe Yp 
COCTOHT H3 OMHOH TOUKH, a MepbI Pp (8) BEIOpaHbI HEKOTOPbIM ONpeeseHHDIM 
o6pasom, To NosyuaeTca MHTerpasibHoe mpesctaBsenne Jley (°); ecmu oOnacTh D 
ecTb oOacTb Bettsia, nomwyuaetca uHTerpal Beha (*). 

B 3aksioyeHHe BEIpaKaio TayOoKy!i0 OnarofapHoctb mpod. A. A. Temaa- 


KOBY. 
Mockoscknli O6slacTHOH mefarorMuecKH HHCTHTYT Tloctynusio 
um. H. K. Kpynckon 24 XI 1960 
UWMTHPOBAHHAA JIMTEPATYPA 
1B. A. Py Kc, Teopua anantutTuueckhx (yHKUMH KOMMMeKCHBIX MepemeHHEIX, M., 1948. 
2Jl. A. Afi3sen6Gepr, B.C. Mutarun, Cn6upcx. matem. axypu., 1, Ne4 (1960). 


3.11. Xaauom, Teopus meppt, M., 1953. 4 A. A. Temasaxkos, Yu. 3an. Mockosck. 
o61. neq. uHcT. HM. H. K. Kpyncexoi, "21, 7 (1954).5 A. A. Temaa kos, mel, 120, Ne 5 
(1958). 6 JI.A. Atts3en6epr, Yu. 3an. Mockosck. 061. neq. uucT. uM. H. K. Kpynckoit, 
77, 13 (1959). 7 Jiu Us Tou, Cyxaxka mya, 3, Ne 1 (1959). 8 K. de L eeuw, 
Duke Math. J., 24, Ne 3 (1957). 
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MATEMATHKA 


B. WH. APHOJIb] 


O POKAEHWH YCJIOBHO MEPHOAMYECKOTO JBYDKEHHA 
W3 CEMEMCTBA NEPHOJMYECKHX JIBY)KEHMA 


FS aE 


(ITpedcmaeaeno axademukom A. H. Koamoeoposoim 9 XII 1960) 


E 

| §1. YenoBpHo NepwowuyecKHM Ha3bIBaIOT ABHKeHHe TOUKH 
mx, y lo Topy 7, ecau 

: ah, (1) 
5-2] 

Tae A — MppauvouaibHad NocTOAHHAaS, a X H Y — KOOPAMHATHI Ha Tope, TAK 
Puto (x +k, y + 2) u (x, y) — omua u Ta xe TouKa T. PaccmotpuM cemelicTBo 
| OnusKnx TudepeHuvabHLx ypaBHeHHit 
7 

¥ 

7 


ne pe eed ef (x, 0),. (2) 


i rye a wu & — napametpui, f (x, y) — ananuTMueckad (yHKILMA. 

: Heyasuo (') 4 noka3asl, YTO eCIM «BOSMYyIIeHHe» ef (x, y) Maso, To HalifeTca 
_ Takoe a (€), YTO ypaBHeHnue (2) pu a = a (£) aHANMTMUECKO! 3aMeHOM MepemeH- 
_ HOH MoxKeT OpiITb mpHBeweHo K Buy (1). 

' 8B uactTosimei 3amMeTKe paccMaTpHBaeTCA BbLIPORKAeHHEIM cayyan A = 0; 
HeEBOSMYIeHHOe JBYXKeHHe TpoHCXOAMT 0 Napasenim Topa y = const, 
/ T. €. NepHoqv4HO. OkaspiBaeTcA, YTO IPH MHOFMX MaJIbIX BO3MYWLCHHAX TakKoe 
| ABYxKeHue TepexXoJUT B yCOBHO nepHognueckoe. [IpocuequTbh sTOT Mepexoy 
| MHTepeCHO NOTOMY, 4TO CHCTeMBI, OMSK K BbIPOKAAIOMLUMCA, YACTO BCTpeualoT- 
'caA B MexaHHke, 

‘ TpyAHOCTH, NOABMAIONIMeCH pH NpoBeqeHuu ypaBHeHusa Kk Buy (1) u3-3a 
 HaJIM4HA MAJILIX 3HAMeHATEeH, MpeooseBaloTcA C MOMOULbIO MOCeLOBaTeJIb- 
| HBIX MpHOmMxKeHHM HbIOTOHOBCKoro Tuna. A. H. Kovmoropos (?) BrepBpie mpH- 
* MeHHJI STOT MeTOA Mp NOCTpoeHHH ycJIOBHO TlepHOAMYeECKUX JBMKeHUM CUCTe- 
} MBI c dynKuves Tamunetona 


Pep ye 11, (07,5. «5 Pn) + 8H (pis » > 5 Par Giro.» 4 Ga) Ps on 


_ CyulecTBeHHbIM B HacToAUel 3aMeTKe ABJIAeCTCA MpHBJeYeHHe HOBBIX (BIpoueM, 
| HeCJIOMKHDIX) ApMdpMeTH¥eCKHX (baKTOB; HX MOABJIEHHe CBA3AHO C BbIPOKeH- 

 HOCTHIO HEBOSMYIICHHOM cucTembl. OOoOulad Teopemy 2 Hauleit 3aMeTKH, MOxX- 
_ HO pacipoctTpaHuTb pesybTaTpI (*) Ha cucTeMbI c dbyHkicMel _Tamuabtona 


ii J 10 (isso thn, Pp) 8HY (pi, os 25 Dns. Gly.» 3 Ga) E 
Bere al OL ee en Mote scan dnote dunk Me ee) 
§ 2. OOosHauum Ay MHOxKeCTBO TO“eK A TAaKHX, 4TO 
[An + m|>6|A|n? 


4 
' Ip Bcex wesbIx mun, n = 0. Hyctp A osnauaet oObequHeHHe MHoxKecTB Ay 
up seex 9 > 0. Jlerko JoKa3prBaetca cueqyoulad 

Jlemma. AHyav ecmo npedeavHaa mouka mroocecmea Ag (0 <0 < 0,25) 


u mouka naomHocmu mxHoocecmea A. 
Teopemal. /Iycmb na mope T Oano OudupepeXyuanroHoe ypaenentle 


pee ero) (3) 


saeucsiyee OM Nnapamempa &, Cc anaaumuueckott dyHKuuet | (x, y). ITycmo 
s 
Al} 


— 


ao 


f ~ = 
\ f (x, y) dx > 0 npu ecex y. Toeda dan ecakozo Oocmamo4uno manoz0 KE Ag 


0 | 
natidemca (A) u sameHa nepemeHnotl 2 = 2, (xX, Y), AHAAUMUYEeCKAA NO xX, Y, 
mak, umo ypasnenue (3) npuxumaem eud dz/dx = k. Muoscecmeo e (A) (h GA) 
uMeeM NOANOHCUMEeAHYO Mepy; HYAb — e2O mouKa nAOMHOCML. 

Tloxa3atebeTBo Teopemb! | ocHOBaHO Ha TOM, YTO CHa¥asa JenaeTcaA 3a- 
MeHa TepeMeHHOH, peKoMeH,yemasd OObIUHbIMA ACMMMNTOTHYeCKMMM MeTOaMu, 
a 3aTeM IIPHMeHAeTCA 

Teopema 2..3akatuenue meopemo: 1 cnpasedaueo das Ougepenyuaro- 
HO2O YpPaBHeHUA HA mope 

| bi 

dx 
2de c > 0 — nocmosnnan u dynkyun F (x, y, &) ananumuueckan. 

§ 3. Tlokaxkem, Kak ipuBecTu ypaBHenue (3) K Buy (4). Brenum B f (x, y) 

i 


SEC) eels ( Keeney (4), 


ycpeRHeHHYIO  4aCcTb FW =\F& ae a NepemMeHHyw | 
0 | 
yactp f (x,y) = f (x, y) —f(y). Bxegem cneppa Takyio KOopfuHaTy Ha 
Tope | 
yi = yr (X,Y, ©) = y + 8h (x, y), (5) | 
yTOObI HWepeMeHHaA YacTb dyi/dx Opa NopayKa e?. OuesusHo, | 


dy pele NG o oh Oh 
“p= ef +elf-+se)+erse. 


cehoBaTebHO, B (5) Hafo NosoKUTH A (x, y) = — F (Ey) dé. Torna 


Stok 


Bat) $h(s ye, (6) 
roe Fi=elf (ys) —f (y)] + &f oh/dy. Tax Kak f (m1) — f(y) = 


as era f’(é, y) d&, byuKuua Fi B (6) coepxxuT MHOKUTeNb 8&2. 


0 
TIpeo6pasyem Tenepb KoopqHHaTy yi Tak, YTOOD! WIeH NopAAKa & B MpaBoit 


yaCTH CTAJI MOCTOAHHBIM. Tak Kak, No ycsIoBulo Teopempl |, f > 0, moxHO Mo- 
JIOXKUTb 
Y 


ay nh 
“edt 1 oe (ae 
y2(fi) = \ = ’ ape SSA TEN 
uy F (8) . f(y) 
IloctosHHad c onpelensnetca TpeOoBannem Yy2(1) — ye (0) = 1. Tenepb ypas- 
HeHve (3) NpHHUMaeT BUT, 


dys 
7 = EC Se or Xe vayee ne 


re Fe = yo Fi (x, ys (y2), ©) CokepoxKUT MHOKUTeIb &?, 
1 dy 77h 
C= \ “4 
SFG, y) ax 


0 0 
§ 4. Tlepexoya K JoKasaTebcTBy TeopeMb! 2, HAMeTHM MepBbIi war NocTpoe-- 
HUA TepemeHHok z(x,y) = y +k (x, y). Ouesuauo, 


d ; Ok Ok Ok 
Ge = N+(@8F + + 4S) -+ e#F oy (A tm gC), (7): 


MOSTOMY B TlepBoM NpHOnmKeHHU ompelemum k us ycoBHA 
Ok Ok 
2 —- =_—_—- = 2 
Bl aie ae - hay &* Foo. 
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Koshbunuentsr ype dynKuun k (x,y) = Dd) Rime" Berparxator- 


¢ m2tn2?+#o0 
. yepes Kosd@dpunnents: Pypbe dyHKuun F (x, y): 
bere 
2k mn = ee hn ss 


Sapukcupyem & HM MpesnooKUM, TO YHCMO BpameuHnH a (*) ypas- 
a. (4) ectp A € Ag. Torgak (x, y) H ee MpOHsBOAHbIe MMeEIOT MOpAOK &? 


T. €. Mopayok e. YpaBuenue (7) Maer 


} ; 
| ie TROP Steen, 


Tak kak e*F Ok/dy umeeT nopsjoxk ¢°, a uNCO BpauleHua ypaBHeHHaA (7) paBHo A, 
“To €*Foo WMeeT nopsfoK e®. MTak, B HOBbIX KOOPpAHHaTaxX «BO3MYLLeHHe» 
-& (Foo + F Ok/dy) umeeT nopsyoK &* = (e”)!'2, aro oOecneunBaeT ObICTpy1o Cxo- 
“JIMMOCTb NMOCMeELOBATeIbHbIX MpPHOMMKEeHHH. 

§ 5. Iloctpoenua § 4 nosBomsI0oT JoKasaTb crlefyromlee: 
; OcHoBHaa amemma. Ilycmo Ouddepenyuarsnoe ypaeHeHue 


ay 
Gp F(t) (8) 


Ha mope T umeem uucao epauenun KE Ag u dynkuus’F (x, y) npu PEt, Syn ep 
axaaumuuna, npuwem |F\ <M. ITpednoaoscum, umo Oran Hekomopozo 6 > 0 
eolnOAHeHbL Hepaeencmea 


6<0,1p; 8<2°70; M<StIal. (9) 


‘ Tozda cywecmeyem anaaumuueckan npu |Im x, z|< p1 = p— 36 3amena 
nepemenHou y = y (Xx, 2) ase 4mo 


iz = A + Froxoe (x, 2); 


RY ? 


eae Qynkyun Fryosoe npu [Im x, z2|< pi aNaaumuuna u 


M? 
reece ag = OFA] 


B ycaoBuax Teopembl 2 cylllecTByIOT TaKHe Co > 0, eo > 0, p > 0, N > O, 
4To mpu je|< eo, |Imx,y|<p cynKkunua F (x, y, &) ananuTuuna, | F|<N, 
7 ypapHenve (4) umeeT unNcCO BpameHua A (e) > coe (€ > 0). 

Sacdukcupyem 8, 0 < 6<0,25; B mo6ol OKpeCTHOCTH HYJIA e€CTb TOK 
€ Ay. Hyctp A= 6? — Takax TouRKa, npHuem 


Ce econo. coor Oslo, Oi 270, “6 Ve, (10) 


PE SSN 


! 


Torma ¢ = & (A)<Acy <6", HM MbI HaXOMMMCA B YCOBHAX OCHOBHOH JleM- 
mpc M = 6° > Ne?. B cuny ycnosut (10) BbimomHeHbI HepaBencTBa (9); 
Mo3ToMy, CoriacHo OCHOBHOH JleMMe, 

igs Ota Vili 


T s 
Iipumenas ocHoBHyi0 JIemmy s pa3, no1yyum M, = Ms)", nostomy joKasa- 
TeEJIbCTBO CXOAMMOCTH NpHOMMKeHUH pM s —> oo He MpescTaBaeT TpyfHocTei. 


MockosckHl rocyfapcTBeHHbIli yHHBepCcHTeT Tloctynuso 
um. M. B. Jlomonocosa 26 XI 1960 


UMTHPOBAHHAA JIMTEPATYPA 
1B.H. Apuoapa, Mss. AH CCCP, cep. marem., 25, Nol, 21 (1961). ? A.H.Koa- 


oropos, JAH, 98, Ne 4, 527 (1954). % A. IlyanKkape, O kpuppix, onpezemsnempix 
udxpepenunaseubiMn ypaBHeHuamH, M., 1947, ra. XV. 
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Jloxkaagn Akagemuun nayr CCCP 
1961. Tom 138, Ne | 


MATEMATHKA 


B. FABPHJIOB 


O MIPEQEJIAX MO NOCJIEMOBATEJIBHOCTAM TOUEK 
HOPMAJIbHbIX MEPOMOP®HbIX ®YHKUMM 


(ITpedcmaeaeno axademuxom HM. I, Hempoecxum 2 XII 1960) 


1. Hycrh B equnuunom xKpyre D: |z|<1 3aqaHa mepomoppuaa dyHKunsa 
} (2). Cnenyst JIexto u Bupraueny ('), Ha3oBeM STY (PYHKUMIO HOPMAJIbHOL 
B Kpyre D, ecu ja mpou3sBobHoro cemelicTBa {T (z)} B3aHMHO-OJHO- 
3HAUHBIX KOHOpMHBIX’ oTOOpaxkeHui Kpyra D wa ceOa cemelicTBo PyHKIUMH 
{f (T (|z|))} 6yaer HopmManbupm B Kpyre D B cmpicne Montena. JIexto u Bup- 
TaHeH MOKa3aJIM, YTO HOpMa/IbHad MepoMopdHad @yHKunsa f (2) OykeT Merb | 
olpeleseHHoe yrmoBoe rpaHvyHoe 3HayeHHe A B HeKOTOpOM TouKe e’? Ha rpa- 
Hue Kpyra D, ecu a ecTb acumnToTuuecKkoe 3HayeHHe cbyHKuUM f (Z) BLoOIb 
HeEKOTOpON *%KOPAaHOBO KPHBOH, JeKaulei B 3aMplkaHun D u OKaHYHBAIONIeHCaA 
Be? 

HenocpeqcTBeHHBIM CJIeCTBHeM 93TOFO pe3yJIbTaTa H W3BECTHOM TeOpeMpl 
li. VW. IIpupanospa sapasaercs cemyiourasa 

Teopema l. Ecau nxopmaaonana mepomopipuan @ Kpyee D dyxnkyusa f (2) 
umeem onpedenenHoe acumnmomuuecKoe SHALeHUe BOON’ HeKOMOpOL dKOPOAHO- 
60 Kpusott, reocatwelt e D u umermwwe no Kpatineti mepe Oee pasauunble npederv- 
Hole MOUKU HA epanuye, mo | (zZ) = const. 

Tak Kak BcaKaad peryspHaa BD cbyHkuna uMeeT XOTA Obl OAHO OMpeseen- 
HO€ ACHMMTOTHYECKOe 3HAYEHHE BAOMb HEKOTOPOH %KOPAaHOBOH KPUBOH, Tpesesb- | 
HbIe TOUKH KOTOpoi exaT Ha rpanuue (2), TO 43 TeopembI 1 HemocpescTBeHHo | 
culelyeT Takoe yTBep2KLeHHe, aHOHCHpOBaHHoOe B (°): 

AAs atoboli HopmaabHoli peeyaapHott 6 Kpyee D dy HKYUU mOdcHO Hamu Ha 
eOuHULHOL OKPYoXHOcCmMU maKyto mouKy e”, 6 KOMOpotl ama dyHKyUA umeem 
onpedenenHoe yenoeoe epaHuunoe SHaYeNue. 

2. B mpwBeenupix Bpue pesymprate Jlexto u Buptanena u Teopeme | mpeq- 
MOaralocb CyuleCTBOBaHHe mpesesa cbyHKIMH Mo BCeM TOUKaM HeKOTOpOli 
KPHBOH. BosuuKaerT ecTeCTBeHHBIii BOMpOC: HeJIb3A JIM, COXpaHAA yTBep»xKeHuA, 
ocaOuTh 2TO Npekmostowenue, moTpeOoBaB CyllecTBOBaHue mpesenta PyHKHHn 
JIMIIb TIO H€KOTOPOH, B H3BECTHOM CMBICJIe «ryCTOl», MOCJIeOBaTebHOCTH To- 
ueK {Z,} U3 Kpyra D, npefembHble TOUKH KOTOpOH eKAaT Ha rpaHute. 

QTOT Borpoc paccmaTpuBascs B (*) HM pellasicA MOMOKUTEMbHO AJA HeEKOTO- 
PbIX KJIACCOB HOPMAJIbBHBIX (PYHKUMU, MpHyemM «Mepo TYCTOTbI» NOCseFOBATEJIb- 
HOCTH {2,} B 3ABMCMMOCTH OT INMPOTBI KIACCOB OblIM YCOBEA: | 

Wenn 2a Ms re HeKOTOPad KOHCTAHTA, He 3aBMCAMLad OTN, MIM 


Nimo (ea ee) = ee ri eel 
) Lim 0 (2nsénsx)=0, tHe p=(a,b)—= > In EEE, Jal <1, [O]<I. 
Teopema 2. Ecau: 1) nocaedosameaoHocmb {Zn} mouek us Kpyea 
IZ|<1, Jen] > 1 npu n— 0c, npedensnoe mouwku Komopoti nokpeearom He- 
Komopyio Oyey A eOunu4nott oKpyscHocmu, mes A > 0, makoea, umo OaA noumuU 
6cex mouwek CEA us {Zn} mMOHHO 6eLOpame xomA Oot OOHY nodnocaedogamerd- 
Hoc {z\5) Komopaa cxodumca x © u Ona ecex n p(e, 2h)<M(d) 
c KONcManmot M(t), saeucsaueti, moncem Ovimb, om ebl6opa mouku C; 2) Oars 


16 


—HOpMaAbHOU mepomopHot @ |\z|<1 dynkuyuu f (2), umewwei xomsa Oot OONO 
ucKAIOUUMeNbHOe 3HaYeHUe, cyuyecmeyem lim f (Z,) = a, mo nowmu Bcrody Ha 


noo 

A dyxkyus f (2) umeem yeaosvie epanuunole sHauenusn, paeHble a, u, cAedosa- 

: menono, f (2) =a. 

Teopema 2 €CTb Mpoctoe cieycTBHe OHO Teopemp: Hommpo (4) 4 BCNoMora- 

TeJIbHOM seMMbI 1, WOKa3aTeMbCTBO KOTOPOI, B CYMIHOCTH, COM€P%KHTCA B (?) 

HM eCTb cylegqcTBHe USBeCTHBIX CBOHCTB HOPM@JIbHbIX CeMelicTB dbyHKuHH (5). 
Jlemma 1, Ecau: 1) nocaedosameaonocmu mouek {Zn}, {Z,} u3 D, | Zn|—> 1, 


fl— oo, MaKoébl, 40 0? (Zp, Zn) <_(M c xekomopot koncmanmoi M, ne s3aeu- 
cawueltt om n; 2) Oad HOpManbHoOli mMepomopdxoti @ D PynKyuu f (2), onyckatowett 
snauenue C, cytuecmeyem lim Pa( 2), ee emo ti i (z,) = 0: 


3. Ormetum ene HeKoTOppIe CJIEACTBUA 13 “TeopeMt 1, memmpr 1 uM cooTBerT- 
_cTByroulero eH yTBep»xyeHua B (°). 

| Teopema 3. Ecau: 1) nocaedogamenvxocmo mouek {Zn} us D, umewuaa 
“Ha epanuye Ose pasluunole npeOeAbHole MouKU, MaKoBa, 4MNO Pp (Zn, Zn41)<M 
4 Hexomopoti M, ne saeucsiuelt om n; 2) HopmanbHan mepomopdyasn dynKkyun 
7, onycKaroujan 3Ha4eHue Cc, umeern a f(z) = 6,-no-f (2) =e. 


f 


» Teopema 4. Ecau: 1) nocaedoeamenbnocms mouex {Zn} ua D, umetoujan 
THQ epanuye Ose pasauunole NpedeAonole mouku, maKosa, umo lim p (Za, Zn44) = 0; 


Noo 


#) HOpmanbHan mepomopduan dbynkuyusa f(z) umeem lim f (Z,) = a, KonedHoLt 
‘uAau Oeckonewnolti, mo f (Zz) =a. 1-300 

4. Eco Bpecta nonsaTve HOpMasbHOrO KBaSMKOHOpMHOrO OTOOpaxkenus (°), 
“TO, yuumolean ouenku (*) uckaKeHUA eunepOoAUuecKoll mepbt NPU OOHOSHAYNOLX 
" KeasuKondpopmnolx OMOOPANCeHUAX, NpueedenHole ebilue PesyAbmambl aBmomamu- 
\4ecku nepenocamca Ha cayuat HOpMAANELX KEAsUKONOPMHELX Omobpascenutt 
_Kpyea D Ha coomeemcmeyrouue pumanosel nosepxHocmu. 

E ABTop BbipaxaeT OylaroflapHocTb CBoeMy HayYHOMY PpYyKOBOJNTeIO 
e. YW. Mapkymesuyy 3a BHHMaHHe K 9TOIi pacoTe. 


MockosckHii rocyfapcTBeHHbld yHHBepCcliTer TloctrynHs10 
um. M. B. Jlomonocosa 1 XII 1960 
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Jloxaanm Anxagemun nayx CCCP 
1961. Tom 138, M1 ~ 


MATEMATHKA 
H. B. TAPCAHOB 


O CTOXACTHYUECKOM HHTEFPAJIbBHOM YPABHEHWH HTO 
(IIpedcmasaeno axademuxom A. H. Koamoeopoevim 21 XII 1960) 


1. B nacrosueH 3ameTKe uccaeqyeTca cToxacTuyeckoe ypaBHenue lMro 
: 


i (o) = Xs (@) = 6 (iy, % (@)) dee Ue) 4:4 m (u, Xu (@)) du, s <a Str) 


. 
Ss Ss 


Bnecb 6 (u, x) =|o;(u, x)||—Matpuna; m(u, x) = {m’ (u, x)}— BeKTOp n-mep- 
HOrO SBKJIMOBa mpoctpancTBa R”; x;(w) = {x; (©)} — HenpeppiBHEM no ¢ cy- 
yaitnpi mnpomecc BR"; &(w) = {&(m)} — n-MepHbI BHHeEpoBCKHH mMpoitecc. 
Yepes P(-) mpr Oyfem oOo3HayaTb pacnipefeeHve BeEpOATHOCTeH B IIpocTpaH- | 
cTBe (2 9JIeMeHTapHDIX WcxXogoB; yepes E (-| A) — ycaoBHoe maTemaTuyecKkoe 
oxwkuanne mo Mepe P npu ycoBun A; 4epes »y— Mepy B MpocTpanctse C He- 
MpepbIBHBIX (PyHKUMH oT ¢, sCtQT, co 3Havenvamu BR”, NopowenHyl0 
Tporeccom x; (@) (B JaubHetiiem m OyyeM, Kak MpaBHsio, omycKaTb). 

Uo (‘) u Tuxman (7) Joka3asiM cyllecTBOBaHHe WH eJMHCTBCHHOCTD pelleHHA 
ypapHenua (1), npeqmonaraa, uTo KooddpHuUMeHTHI oO (UW, x) H m(u, x) YOB- 
JeTBOPAIOT yCOBHIO JIHMIMIa MO x H HepaBeHCTBy 


Doi Gigs) Dy | mn! (u, | <e(1 +2, xi|). 


MoxkHo lokasaTb (cCM., HarpHMep, (1)), 4TO BbINOJIHeHHe STOrO HeEpaBeHCTBA 
MOSBOJIACT CBECTH UccIeqoBaHNe ypaBHeHua (1) kK cly4¥alo OrpaHHYeHHBIX KoIp- 
(PHI[MeCHTOB. 

2,.TeopemMpl cymecTtBoBauHua. A. B. Cxopoxog nosyaua B (°) 
Teopemy CyliecTBOBaHHA Aid (1) B cay4ae HeMpepbIBHDIX KoOSppuUMeHTOB. 
J,onowHUMTeIbHBIe ~OrpaHwueHua Ha KosdpuuneHThr Auddy3suu mporecca BI 
OKPeCTHOCTH TOUeK Pa3PbIBA MO3BOJIAIOT YCHJIMTb STOT pe3yJbTAT. 

JliemmMa 1. /Tycmo nt — HenpepoieHan no t cayuatinaa dynKuus, CeA3AH- 
HAI C OOHOMePHbLM BUHepObcKumM npoueccom §& coomnowexnuem 


t 


Nt = Ns + \e, w) d&,, auc w) du. 


ITycme Go = {x: |x —a|< 28}, Gi = {x: |x—a|<8}. [ycmo npu ny € Go 
nowmu HaeepHoe 


0 < C1 <9 (i, @)* <n, a, @) ca 


Toeda Onn atoboz0 T€ Gi umeem mecmo HepabeNcméo 


P{pi(u: na€T, su<T) > 8} < (c16)—“C (C2, cs, 8) $1 (F)**, 
20e ji — AuNetHaA mepa vine 
JjokasatebcTBo semMbl 1 onupaeTcd Ha CaeqyoulHit aKT: 
Ls Tt (@) 
Jlemma 2. ITycme n; = \ (4, ©) du. ITycmo t=st+\ ¢ (u, w) du 


iN 
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, aS 


Tycme 0 crv @? (u, os cz. Toeda npouyecc x(@) = Yz(o)(@) seanemca 
BUHeEPObCKuM fnpoueccom * 

Mpi Ha30BeM MHOxeCcTBO y 43 RX [s,T]) Ron ycTUMbUM, Aaa O(u, x), 
€CJIM OHO UMeeT THM Gs MH B HEKOTOPOH CHCTeMe KOOPAMHAT CoepxKUTCA B IJO- 
exocTu {x' = 0}, mpwuem ero npoeKiMa Ha MocKocTs (¢, x1) HMeeT Mepy HYJIb, a 


| Dia (ak) Oo Ove WDM what tae. (2) 


a 
Ilpumepom Takoro y MOxXeT C/lyKUTb TafKoe (n — 1)-mMepHoe MHorooOpa3nHe 
BR’. | 
' Teopema Ll. Jycme kospipuyuenmot mampuyol o (u, x) ueekKmopa m (u, x) 
O2PAHU4LeHbL WU HeNpepoleHbl BCtOOY, KpoMmMe HeKOMOPOeO “wuICAa OONYCMUMbLX MHO- 
HeeCING y. Toeda cytyecmeyem npouecc x (@), ABAAIOLULULICA peteHuem ypaeneHus (1). 
_ floKasaTebcTBo TeopeMbl MpoBOAMTCA Mo ciexyrourell cxeme. B cuay orpa- 
HUYeHHH Ha Y MOMKHO MOCTPOUTb MOCMeOBATEMbHOCTh On (U, X) H Mn (UW, x), 
YAOBJETBOPAIONLAX TPH KaxKoM n ycnopnio JInmuMMa M CXOMAMIMXCA K O (u, x) 
M m (u, X) PaBHOMepHO BCIOLy, Kpome jOOoH oKpecTHocTH y. Tak Kak ycJo- 
pie (2) MOXeT JA O, (UW, X) HE BHIMOJHATECA, Mbl IpHcoeluHUM K © HesaBHcH- 
bl BHHEPOBCKHM TMpollecc yy UH paCCMOTPHM TMOCMeEAOBATEbHOCTh Mpoleccos, 
Be ee siune Woabuenuam (af > Oy a == 1, 2, 62...) 


a 


Xi(n, &)=x5(n, o)+ \ Sn (U, Xu (n, &)) dey + anit \ mm, (uy x(n, o)) du. 


ar aS 


(3) 


‘ Tax Kax E (Divas (n, ai x7 (n, a)]* ) <ch?, CEMCHCTBO Ux(n,2) Cabo 


KOMIIAaKTHO B C. Mat MOXKEM CUHTATb, YTO IPH NCO Ux (n, a) CMAOO CXORATCH 
K HEKOTOpoMy pacmpeyenenuio 1%. IIpu HekoTopoM BpIOope {2 MOxKHO, ONMpaAch 
Ha pesyapratst A. B. Cxopoxoga ((°), § 3), noctpouTs nocneqoBaTembHocTs 
X (n, a), E:(n, a), Th (n, a) mpoteccoB B C, HMeIOILHX TO Ke COBMECTHOe pacmpe- 
NeneHue BeposTHOCTelH, 4YTO HU x; (nN, a), E (n, a), Ne(n, @) H CXOMAMHXCA C Be- 
postHoctnro | _K Mpee/IbHbIM Tpoweccam x¢ (a), & (a), ne (a). 

TIpoueccsr x;(n, a), & (n, @) u y(n, a) CBA8aHbI MExKAYy CoOol ypaBHeHHs- 
MH (3), B KOTOPBIX MOXKHO CHeaTb MpefeMbHbIM Mepexo, MpH Nn — oo, TaK KaK 
a3 CBOHCTB cTOXacTHuecKHXx HHTerpasIOB HW OMCHKH JeMMbl 1 (pv ci = a?) cute- 
yet, UTO HHTerpadbl B MpaBoli uacTH (3) CXOAATCA MO BEPOATHOCTH K COOTBET- 
TBY!IOULMM MHTerpasam OT Mpeseios. 


- Copepmiad STOT npekesbHBIi Mepexo, MbI NOTyYHM A X1 (a) ypaBHenne 


r t t 
tt (a) = Xs (a) + \9 (u, Xe (a)) dé, (a) + ane (a) + \ m (u, oe (a)) du. (4) 


Tus pemenua ypapuenua (4) B oneHke siemmbt | Ne a? + 69; 3TO JaeT BOS- 
MOXKHOCTb COBEPWIHTb B (4) NOBTOPHBI mpeevibubiit nepexoyl mpH a — O u Tem 
‘AMbIM JOKa3aTb Teopemy. 
_ Hespipoxenuocth o (u, x) MosBosAeT CyHLeCTBeEHHO OcsIa6uTb orpaHnueHua 
fa BekTop m (u, x). M3 pesymbTaToB padortsi (°) cueqyer: 

Teopema 2. Jlycmo ypasnenue (1) umeem pewenue xz. Toeda umeem pe- 
enue u YpaeHeHue 

t 


iB 
p= x. 4+ \o (u, %4) dE +4 [m (u, Xa) + (uy Xx) mu, Xl du, — (8) 


Ss 
de m (u, x) —6eKmop c oepaHuteHHoimu KOOpOuKamamuU. 
- * Ananornunoe Mpeo6pasopaHnHe HCnOMb3O0BaHO B TEOPHH MapKOBCKHX mpoueccos B, A. Bor- 
} wpicKHM ‘Gi 
y 9 19 


i 


Tina RoKa3zatenpcTsa Hao ChesaTb onMcaHHoe B (°) mpeo6pasoBanue 


P (do) = exp [6 (m)] P (do), — 


B3AB B KauecTBe HCXxofHOro mponecca MUto mpomecc xz. 

3. Teopemn eAuUHCTBEHHOCTH. B (*) Teopema eMHCTBeEHHOCTI 
jlokasana mp n = 1 B mpeknomOxKeHMM, YTO KOS PUIMeEHTEI YOBETBOP AIO} 
ycnopuam Tenbflepa c nokasaTesiem a > 1/2 40 > 00 > O. B nactosme pada 
Te BOMPOC O CMHCTBEHHOCTH PellleHHA ypaBHeEHUA CBefeH K BOTIpocy o Cyulect 
BOBAHHHM JOCTaTOUHO FiaqKoro pelleHHa napadomHuyeckoro AuppepenuMasbHort 
ypaBHeHHa: 


00 (S5°%)2) +f SOW - Ou ; 
ahaa a pag 2 ee ( 


ENE Wo (8. 4S) ==) AX) OC ee Se (tx) oe 
h 


JIemma 3. JTycmo x¢(@) u y:(@) — Oa pewenua ypaeHenua (1), npuse 
Pe = py =v, &(0)'= &(@) npu s<t<T moacxo npu o =o. Toeda 
ecau mampuua o (t, x) Ne BeLponcdaemca, mo x4(o) = y:(@) npusS<S ES T 

JI1a WoKa3aTesbCTBA 3aMeTHM, 4TO B CHJTY HeBbIpORKAeHHocTHU oO (f, x) B 
MOUTH BCIOAY MO Mepe pt CyulecTByeT NpeoOpa3oBaHHe 


Riz tye \oo (u, Zu (*)) [d2u (©) — m (u, Zu(+)) dul. 


HenocpeyctBenHoe BbYHcleHHe MoKaspiBaeT, 4TO F (x, (@)) = F (y, (@)) 
= §(w). Orcioma cnenyer, 4To ecuu x(@) = yz (0), t € [s, T], To & (w) = & (o 
upu ¢€ [s, T], a 3HauuT, w == 0. TlonoxuM © € A, ec JA HeKOTOpOrO G 
u peex tls, T] x:(@) = y;(@); yTBep»xKeHve JIEMMBI Cue yeT H3 TOFO, 4TO 
B CHJIy CoBMmaqeHHA p, WM wy, P (A) = 1. 

Has3o0BeM MHOXKeCTBO OrpaHH4YeHHBIX HeMpepLiBHBIX dyHKuu f Ha Rn. 0T 
H bI M, €CJIM OHO BCIOAy MOTHO B MpOcTpaHCcTBe OrpaHHYeHHbIX HelpepbIBHbI) 
PYHKUMH, CTPeMAMLHXCA K HyO mpH x > co. M3 npwHyuna Makcumyma JM! 
ypaBHenua (6) u Teopempr Pucca 06 oOmem Bue JMHeHHOrO HenpepLIBHOr' 
(yHKUMoHasa CmeqyeT, 4TO 


v(s, x, i) = \i (y) x (s, x, t, dy), (7 


rye m(s, x, t, 1) —Beposrnocruan mepa B R”. 

Teopema 3. /Tycme o (u, x) u m(u, x) makoé6el, umo ypasnenue (6 
dan Kaocdot mynkuuu f U3 NAOMHO2O MHOMWKeCmMea UMeeM peLeHUe, BMOpPole Npo 
UBBOOHbIE KOMOPOZO NO X HeNpepoieHol BCctOOY, KpOme HeKOMOPOeO 4UCAa OonycmuU 
_Mblx OAR O mHOoCecme y. Ecau x: — pewlenue ypasHenus (1), mo x, — mapKoe 
<cKui npouecc c nepexodnott dynkuyuet (7) x (s, x, t, T). Ecau mampuuya o (t, x 
HeswIPOHCOeHA, MO IMO pelleHUe eEOUNCMBEHHO. 

Tlna loKasaTeibcTBa 3aMeTUM, 4TO U3 cdbopmysnt Mo (8) 3ameHpr mepemeH 
‘HBIX B CTOXACTHYCCKOM HHTerpasie (SAKOHHOCTh NpHMeHEHHA KOTOPOH B Csy4at 
{PaSpbIBa Y BTOPHIX MPOH3BOMHLIX Vv’ cmeqyeT 43 emMMbI 1) MoxKHO BbIBeCTH pa 
i BEHCTBO 


Elf (02h; 2S ate <i) aaa a) 
‘B cuyy (7) orcioga cneqyet, 4To 


P (x. 6D xi, S SW 0} ah (Cia ve ae 
20 


ad 


| 


Cralo ObiTb (’), *<+— MapKOBCKHii Mporece c NepexogHoli dyukuneti 
m (s, x,t, 1). Tak kak », ompesenaetca no x, u m(s, x, ¢,T) equuctBeHHEm 
OpasoM, TO JA WOO0ro Apyroro pemenun y; wx, = tty. U3 sToro uv meMMpI 3 
emefyeT MoclelHee yTBep»%K ene TeOpeMEl. 

_ CymmecrBopanve «xopouiero» pewieHHa ypaBHeHua (7) RoKasaHo B cayyae 
G (u, x) HM m(u, X), yROBMeTBOpAIOUUX ycoBMIo Tembmepa c MIOOBIM O, ecm 
A M1 2 

> aii (u, x) E:£; >c? Dd) (&)”. Astopy yaamoch pacnpocrpaHutTh 9sToT pesyuit- 
j Zz 

Tat Ha clyyai paspbIBHBIX m (u, x) uO (u, xX), NoTpeOoBaB AONOMHUTeMbHY1O 
PMaKOCTb Ha IIOBEPpXHOCTAX pa3sppIBa (°). 

_ Teopema 4. ITycmo Oaxn arbvix Oeyx peuenutt x; u ys ypaenenun (1) 
de = jty. Toeda amo sce umeem mecmo OAH At0Oelx petueHutl x; UY; ypaeHenus (5). 
_ JtoKasaTempcTBo caelyeT H3 pesybTaTOB paGoTp (*), Tak Kak 


dy dy 


du. dy, 


) OrMeTuM, HaKoHe, 4TO OTKa3 OT TpeOoBaHHA HeBbIPOKMeCHHOCTH MaTPHLBI 

}(u, x) XOTA ObIB OMHOM TOUKe MOXKET BHI3SBaTb (pPakTHYeCKOe HapyieHHe eUH- 
TBeHHOCTH. IIpHMepoM MoxKeT CIYKUTb ypaBHeHHe: 
t t , 


i Xp Xs) \| xu |? d&n. 
f 
be 


s 


Wpu a>*2 ono uMeeT eMHCTBeHHOe pelieHve; mpH O<a<' e,HHCTBeH- 
(OCT oTCyTcTByeT. MHUHUTeSuMaIbHLIe ONepaTOPbl OMHOPOAHLIX MapKOBCKHX 
[poleccoB, yJOBNeTBOPAIOUIUX STOMY ypaBHeHUIO, COBMayaloT BCIO,y, Kpome 
(ouKH HYyJIb, Tle OHH 3afaioTca dopMyamu 


Af (0) =e [f’ (+ 0)—f’(—0)] mpu c=£0, cx, 
Api(0) = ™ |x 2% F" (x) npute = 0; 


Af (0) = 0 IPH C= oo, 


| 4. Pemienwe croxactuyeckux ypaBHeHHii, KoSpvMMeHTEI KOTOPbIX HMeIOT 
ISPHIBbI Ha TlaKUX MHOrooOpa3suAx, MOSBOIAeT MOCTPOUTH AMpy3HOHHble 1po- 
‘CCI C OTPaxKeHHeM Ha rpaHuLe C MOMOMIbIO (akTHYeCKOrO OTPaxKeHNA UX Tpa- 
KTOpHH OT rpaHuub! oOnacTH. JlonoHUTeNbHOe UCCIEOBaHHe MOSBOMAeT, UC- 
Olb3syA OOoOuIeHUe dhopmy.tbI Vito (*), BBecTH B ypaBHeHue (1) caraemoe Tuna 
‘HTerpasia OT 6-byHKILMN, OMNcbIBarollee adppeKT OTParxKeHHaA. Tlonyuen HpIe pe- 
YIbTATLI MOryT ObITb HCMOb3OBaHbI IPH BLIACHEHHM yCOBU aOcOJIOTHOH He- 
PepbIBHOCTH WIM CHHryApHOCTH Mep, CBASAHHBIX C ANpPySHOHHLIMM Mpouec- 
aMH c rpaHuren. 


ee oe ie 


bs Tae ae 


5 Mocxkosckul frocyJapcTBeHHbIM YyHHBepCcHTeT Tlocrynuuo 
um. M. B. Jlomonocopa 21 XII 1960 
‘ LMTUPOBAHHAA JIMNTEPATYPA 
i 1 K.1+t6, Mem. Am. Math. Soc., 4 (1956); C6opxu. nep. Maremarnxa, 1, 1, 78 (1957). 
4. WU. Puxmau, Yxp. matem. xypu., 2, 37 (1950). * A.B. Ckopoxog, CuOupex. 
fem. xKypH., 2, B. 1 (1961). *B.A. BoakoucKkuih, Teop. BepoxvTH. H ee MpHMeH., 
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i Jloxaaagn Anagemun nayx CCCP 
1961. Tom 138, Ne 1 ~ 


MATEMATHKA | 


K. K. TOJIOBKUH 


JIBA KJIACCA HEPABEHCTB JIA QOCTATOUHO PIAAKHX 
®YHKUMM 2 MEPEMEHHBIX 


(ITpedcmaeaeno axademuxom B. H. Cmupxosoim 16 XII 1960) 


{. B pa6ore (!) plu BBeJeHbI NOHATHA PasMepHOCTH u AudpepenuuabHOrO 7 
nopsAyKa PyHKMMOHAIOB THMa HOpM B W). Tam xe Obi0 ormMeyenO, uTO cHemMdbH- } 
Ka IIpeleIbHBIX NoKagatesef B Teopemax BulomKeHUA C. JI. Co6omeBa cocTouT f 
B TOM, 4YTO COOTBETCTBYIOINNe HM HepaBeHCTBa TOUHbI 10 pasMePpHOCTH, HO IIpH f 
3TOM OHM coyepxkaT orpyOmeHHe mo AudpepeHuNanbHOoMy opsayKy (pyHKunsA | 
OWeHHBaeTCA Yepe3 MPOHSBOHEIe). 

3ecb MbI BLULCIHM Klacc HepaBeHCTB, TOUHBIX H Mo pasMepHOCTH, MU Mo Autb- | 
dbepenitvaibHomMy MopaiKy. Jio nacTosiero BpeMeHH ObIIO H3BeCTHO, NO-BUM- } 
MoMy, TOJIbKO OMHO HeTPUBMasIbHOe HepaBeHCTBO Takoro Tuna. MMeHHo, pH | 


feat Cl = dy de: <= = 4 =, ls > hy ps ee ena bh —| 
Neo eae : 
rs a TIpH iWebIxX / HMeeT MecTO COOTHOIIeHHe 
4 % 1—a { 


fe | 
B ToM ¥acTHOM cily4dae, Kora OHO 43 MpocrpaHctTs Wy, coLepxKUTCA WeJH- | 


KOM B [[pyroM, cooTHomeHne (1) Obino Haiijeno B. Il. Unpuupim (7). Bes storo} 
orpaHwueHua ero Joka3amu Tanbapyo (?) 1 HupenGepr (4). 
[Ipupefem elle TpH HepaBeHcTBa, TOUHBIX lo AudpepenuuabHOMy NopsaKy 
MH pa3MepHocTH. { 


1 a = 
Teopema 1. Ecau eoinoanenot ycaoeua: p, p’, p” > 1; iaiaat ph 4 | 
f= Orp a. (lo) 7, t= 1, m, mo ! 
| u I eigcale \< G | u |" ’ ” | u lisse Roe ae . (2) 1 
ais an (Tye-T py) ; (Ty 07) ; 
p Hy! H yt 
n 
2 
aie 
es : tf; —OAum 


3decb nod Honmot | u res Mol nonuMaem >) max 
a h t;—T; 

, p aa Ee ere) 
weauiuee K Tr; Yeaoe 4UCAO, menoUulee r;; Nh, lk — KOHeUHAaA pasHOcCmMb emopoed 
nops0Ka c waeom h no i-ti KoopOuname. : 
Teopema 2. B ycaosuax npedodyweti meopemo cnpasedaueo Hepasexcmso 


u aa a 2 ‘ La Ly 4 / 
| Igloo SC u le Le || u | rier) cad (3 | 
p’ De | 
n © | 
3deco nod nHopmoti | bl glee tn) Mol NOHUMAeEM >) \ _ \ | Az, ju" [Pd | 
P LAN (6) h g we E 


n 
727) 


y 


| 


i 


ae 


Imu Kopmer Oolau nedaeno eeedenvi B. A. Coaonnukosoim, npudem nptt Apobnox 
U OOUHAKOGLX Tf; =f OHU daKeUBaAeCHMHoL useecmnolm Hopmam JI, H. Cao6o- 
deyxozo W%,.) 


Teopema 3. Ecau eeinonaneno: ycaoeun: 1 = ar; + (1 —a) 1;; 
b= ee, p >|; 1— yeroe uucro, mo 
|| w ly! ie) SCl4 We(rrg) | U ae , (4) 
p H iy ie 


p 


O6mel YepTol HepaBenctTs (1) — (4) aBameTca To, YTO pasMepHOCT b. MpocrT- 
paHcTBa n He BXOMUT B COOTHOMIeHHA MexkKy BemMunHaMH a, p, 1 u r;. Kpome 
Toro, ecu B (2) —(4) NomoxKUTb £; = 1, rs =f WA r; =r”, TO MU KOHCTAHTHI 
B (1).— (4) ne sasucat or n. MoxkHo HoKa3aTb, YTO 3TH PAKTHI OTHOCATCA KO 
BC€M H€paBeHCTBaM, TOUHbIM NO AudpepenyHalbHOMy MopAyKy MH Mo pasMep- 
HOCTH. CyllecTByeT MpaBuslo, Oo KOTOpoMy MofoOHoe HepaBeHcTBoO, OyzyaH 
okasaHo pH n = 1, apToMaTuuecKH MepeHocuTca Ha cayuah mo6oro n. 

Ilpu oKasaTeibcTBe HepaBeHcTBa, TOUHOTO NO AudbepenwMasbHOMy MopsAr- 
Ky H 10 pa3MepHocTH, HeOOXOJMM CienMasIbHbI OTOOP CpelCTB, He IPUBOMAILUX 
K orpyOuleHvio 110 HHM. HefomycTuMo, HanpuMep, Homb30BaTbCA TeM, 4TO 

b 


|u (6) —u (a)| <|\ |u.|dx. Hamm foKa3aTeapersa Teopem | u 2 ocHOBaHbI Ha 
D 

MIpeAIOKeHUAX OO SKBUBANCHTHOCTH HEKOTOPOH riaqKocTH wu (x) onpeleseHHor 

OplcTpoTe yOblIBaHud B HOpMeL, KOHeYHOH pa3sHOCcTH wu (x) HeKOTOpOro NopsgKa, 

Korga ee War CTpaMuTca K Hyvtio (cM. (°)). 


) (Pt..-T py) 


e OFincc? 
B wepapenctsax (2) u (3) MoxHo nepelita or nopm H,  ” , &, 
K 3KBMBaJICHTHbIM HOPMaM TaKMM, UTO TOUHLI€ KOHCTAHTHI B COOTBETCTBYIOIMLUX 
HepaBeHCTBaX paBHbI efuHune. Tora MoxKHO CKa3aTb, TOJIb3yACb TePMHHOJIO- 


Tp) (T4.--Ty) 


rueH C. I. Kpetua (°), uro mpocrpancrsa Hy" U Lp oO pa3yloT 
IIKaJIbI 10 KaxKOMy H3 BepXHHX MHJe€KCOB H No OOpaTHOMy HuxKHeMy. JLaee 
YCTaHaBJIMBaeTCA OHO HepaBeHCTBO JIA IPOH3BOJIbHBIX [WIKaJI OaHaXOBbIXx 
IIpOCTpaHCTB, H3 KOTOPbIX CJlefyeT, B YaCTHOCTH, OOoOmeHHe (2) u (3). 

2. Ilycts EF, — HekoTOpad Wikala OaHaxOBbIX IIpOCcTpaHCTB, OTBeualollan 
lpoMexytky [ab] usMeHeHua mapaMetpa a. M3BecTHo, 4TO eCIH 3eMeHT 
IpHHalWexKUT JMHeHHOMy MHoxecTBy M, coepsKallleMyca BO BCeX MpocTpaH- 
CTBaX IKaJIbl, TO 


log | ule, < hlog || ule, + (1 — A) log|u ie, (5) 


Doe (1h) y; o,B, y € lab], OC AT. 
HepaBeucrso (5) Moxker ObiTb o6o6mteHo. MMenHo, ciipaBeqiMBa Clely olan 
TeOpeMa, JoKa3bIBaeMaxd Ha OCHOBe (5): 
Teopema 4. ycmp ®1 (a) w 2 (a) — neydoisarouue xenpepoleHole 
CAebA PYNKYUL Cc COUNUMHOLM UusMeHenUem Ha npomeocymKe [ab] u makue, umo 
b b 


\o d@, (a) = \ ad@: (a). Toeda 0ax moeo, umober npu ecaxom uG M ydoeaemeo- 


a a 
psA0cb HepaseHcmeo 


oa b 
\ log | we, D1 (a) < \ log || u le, dD» (a), (6) 


a 
Oocmamo4no, “umobet Kax#cd0e paseHcmeo 


By Be 
\ d@, (a) + ys [D1 Gi) = \ dee (x) + ye We G9), OST S1, 


a a 


INS 
Ww 


CONPOBOHCOAACCh NEpaseHcméeom 


Ps By 
| ad ©, (4) +ysBxlO.Bil >| ad, (@) + 18s [, (B.)]. (8) 


Oxka3biBaeTca, TO YCIOBHe ITOH TEOPeMbI HE TOMbKO JOCTATOUHO, HO H He- 
OOXO2MMO JWIAd BEIMONHeEHHA CooTHOIWeHHA (6), ecIH wKasa FE, yLoBJeTBOpAeT 
HEKOTOPOMy cCilelMabHoMy ycopuio. IlocaeqHee CocTOHT B CJleqyrollleM: 

A. M codepocum Oeynapamempuueckoe cemeticméo anemenmoég Uy, <, 20e 
y € lab], a & Oocmamo4Ho maao, makoe, “mo 


log |, elle, = (@— w* log> + C@, ¥, 8), 
npuuem |C (a, y, &) |< const: (€),  (@ ) / log = aera) npu e — 0. 
Teopemad. IHycmo wkana Eq hochemenenee ycaoeuro A u nycmb 
npu écaKom w E M eoinonnsemca nepaeencmeéo (6), npuwem qynkyuu WD; (a) ne 
yOoiearomn, Henpepblenbl cAeea, Umelom eOUnULHOe U3MeNeHUe U YOOobAemeopsIomM 
b b 


pasexcmey \a dQ, (4) = \a dz (a). Toeda uz paeercmea (7) eoimekaem Hepa- 


a a 
eencmeo (8). 


Jlia WOKa3aTebCTBA STO TeOPeMEI CuIeyeT MPpHMeHHTb HepaBeHcTBO (6) 
K (YHKUMAM Ug,,- H CpaBHUTb NOpsAKu pocta oOeux uacTeH npu ¢ — 0. Sto 
IIpHBekeT K HepaBeHCTBY 


\« — f2) *d@i (a) < <\¢ — fis) *d@s (a). 


Orcioqa W 43 paBeHcTBa (7) IIpH y4ere OCTaJIbHbIX YCAOBHH, KOTOPbIM yJOB~ 
JleTBopsioT ©; (a), BbITeKaeT CooTHOIeHHe (8). 

MoxHO TIpHBecTH pA MpHMepoB Wika, YROBMeTBOpAOWAx ycoBuio A. 
B wacTHOCTH, eMy yOBJIeTBOPAIOT BCe UIKaJIbl, yKa3saHHble C. [. Kpetuom B 


pa6ote (°). IIpuBeqem WBe KOHKPeTHble TeOpeMbI, OCHOBAHHbIe Ha MpeAbIAyuULHXx 
pe3yJIbTaTax. 


Teopema 6. na moeo umo6ol Orn ecakoll O2paHnudteHHoul uAU unMeepu- 
pyemou c Oocmamouno é6bicoKoll cmeneHoto @ynkKuyuu u (x), 3a0aHHOL 6 HeKOMOpoL 
o6nacmu 2  n-mepHo20 npocmpaxcmea, 6bINOAHAAOCh Hepaeexcmso 


co (ee) 


log | uw I, dD: (p) < | log || w |, dz (p), 
20e Di (p) u De (0) -— neyOoieatousiie Nen pe polenble cAega bynKuyuUu C eOUHU4HOLM 
U3MeHEHUeM mMaKue, 4mo : p AP (p) = dW, (p), Heo6xodumo u Oocmamo4no, 


: 0 0 
umoObl KascOoe paeexcmeo (npu 0 < y: < 1) 


By Bo 
\ 4, (p) +110, (B:)1=\ ds (p) + Yo [2 (63)] 


0 
conposoxtdanoce HepaseHcmeom 


By Be 
| as (p) + EDs (Br) <) 5 ds (p) + EU, Bd). 


JlocTaTOuHOCTh yCJIOBHA TEOPeMbI CeyeT 43 TOPO, YTO HOPMBI B Lyjg YAOB- 
aeTBopsioT (5) mph 0 <a < oo. Heo6bxomumoctTb — M3 TOrO, YTO YHOBJeTBO- 
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pxeTcaA yCcOBHe A, NpHYEM MOXKHO TOJIOKUTh: 
1 


| Uae (x) 5 |e oP 
0 nmpu |x—y|<e ujx—yl>6d, 


npu e<|x—y| <6; 


re y — m100aa BHyTpeHHAa TouKa ®; 6b = min{l, pyr}; pyr — paccroaHue 
oT y Jo rpanuup Q. 

Teopema 7. Jas mozo umober Onn ecakotl Oocmamouno eaadKkol mynkyuu 
u(x), 3a0aHHOw 6 NeKOMopoti o6n2acmu Q N-mepHOzO npocmpaxncmea ebInOAKA- 
ANOCh Hepaeericmeo 


: 4 
| log | ipa dr (2) < log | urine ds (a), 
0 0 


20e ®; (a) — HeyOviearowue, Nenpepoienvie caesa qbyHKUUU Cc eOUKUYNELM uaMe- 
1 


‘ 1 
HeHuem makue, “mo \ a dQ, (a) = ad®2z (a), neo6xodumo wu Oocmamou4no, 


umobvt KaoKcdoe paeexcmeo (npu 0O< 4: < 1) 


By Bo 
\ d®s (a) +1 [®1 (B:)] = \ ADs (2) + y2 [Bs (Bo)! 


‘conpoeoscdanoce Hepasexcmeom 


By Be 
\a d®s (a) + raBr [1 (Bx)] > \ a debs (a) + yah2 [2 (62)]. 


0 0 


| jocratouHocTs ycJIoBua TeOpeMbI ClelyeT H3 TOrO, YTO MpocTpauctsa Lip a 
OOpa3yioT Iukasy. HeoOxoqumoctTs — u3 Toro, 4TO yNOBJeTBOpAeTca ycuoBue A, 
TpH4eM MOX%KHO MONOKUTb, MOMbSyACb OGO3HaYeHHAMM MpesuecTByrollel 
‘TeEOpeMBI: 


jx —y|" mpu e<{x—y|<0b; 


Me a(x) Se" mpu |x—y|<e8; 

b* mpu |jx—y|>>b. 
JIeHHHrpagsckoe oTpesleHHe Hocrynuso 
Matemaruyeckoro uHcTHTyTa uM. B. A. CrekJloBa 26 XI 1960 
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Noxaagn Ankagemun nayx CCCP 
1961. Tom 138, Ne 1 — 


MATEMATHKA 


tO. M. TOPYAKOB 


O BJIOWKMMOCTH JIOKAJIBHO HOPMAJIDHbIX PY B AP SMBIE 
NPOHSBEREHHA KOHEYHBIX PPyiiil 


(ITpedcmaeaexo axademuxom A. H. Maaouesoim 20 XII 1960) 


Beakaa nolrpynma MpAMoro MpoOw3BeqeHHA KOHEYHBIX TPyl JNOKasibHO 
HOPMaJIbHa. OHaKO W3BeCTHO, 4TO TOArpynnaMH Takoro MpovsBeseHHA BCe 
JOKaJIbHO HOPMAJIbHbIG TpyNMbl He WcuepmbiBaioTca. YcOBUAM, pH KOTOPbIX 
JOKaJIbHO HOPMasIbHad Tpynla M3OMOpdHO BJIOKUMA B MpAMOe MpoNsBeseHHe 
KOHCUHBIX TPyMl, MOCBAMLeH pA paoor. 

C. H. Uepuuxos (1) noka3an, YTO JOKabHO HOPMadbHad rpylina C KOHeYHBI- 
MH CHJIOBCKUMU p-loyrpyinaMu H80MopdHO BJIOKUMA B MpAMOe NpoMsBeseHHe 
KOHeUHBIX rpynn. OM. Xo (7) ocBOOOANICA OT YCJOBHA KOHEYHOCTH CHIOBCKUX 
p-MOArpynl, HO MpesnouoxKU, YTO rpyila cueTHa VM B/IOXKUMA B NONHOe IpAMOe 
MpOusBefeHue KOHeEUHLIX py (4TO B MpesbikyuleMm cyyae MoKasbIBaJOCh). 
B KauecTBe CileqCTBHH sToro pesysbTata DW. Xonn nowyann cnepsyrwulMe 7Ba 
mpeqwioweHua: 1) ecu takTop-rpynna no wexTpy 8 WOKabHO HOpMaJIbHOM 
rpynmbt © cuetHa, TO 6/3 u3s0mMopHO BIOKNMA B IPAMOe MpOWsBefeHHe KO- 
HeYHBIX rpynn; 2) cueTHad JOKaIbHO HOpMasIbHad rpynma Oe3 WeHTpa H30- 
MOpdHa HeKOTOpOH Nosrpynme MpAMoro MpoOvsBeseHHA KOHEUHEIX IpylIill. 

B HacTosieH cTaTbe MOKA3bIBaeTCA, UTO MepBoe H3 9THX YTBeEPKAeHHM LIA 
PPM MIpOWSBOJIbHOM MOWJHOCTH, BOOOLIe TOBOPA, HeclipaBequBO (CM. IpuMed), 
a BTOpoe BepHO AA rpynn m060H MOLHocTH. 

II pumep. Ilycts 6 =I16,— nonHoe MmpaMoe mpou3pefeHve rpynu 


n 


G,, 2 = 1,2,..., 3aqaHHbrx o6pasyromlumu smeMeHtamu A,, B, u onpefes- 
IOMLMMH ~COOTHOMWEHHAMH: | 
2n 


fy AMS ==.5! tals 


M1 


2 ALB, eae 
32 (An 2, eB ez) ale 
AAD: (eet a7 


B rpynne @ sBo3bMemM mpxMoe mpousBemeHue % = {Ai}x{A2}x.. | 
Be Sete Gwe 08 nepHonuueckyio Moxrpyiny % nomwHoro MpxAMoro MpoK3: 
BeACHHA. Tpyiil {B,)5 re== lod, . Hyer rpymma § nmopoxkaetca Nozrpyn) 
namu WU u %. OuvesugHo, ee KOMMYTaHT $%’ copmaqaeT Cc IIpAMbIM TpousBeqeHHeM 
rpynnt {Z,},n = 1,2... Uspectuo (cm. (3), crp. 161), uTo B a6eneBoii p- rpyal 
Mens) pasoxkKuMoii B TIpsaMoe IIPOUSBeMeHHe WHKIM4YeCKHX py, none 


KOTOPbIX He OF PaHHYeHHI B COBOKYNHOCTH, MOX*KHO BbIOpaTb Takyto NOrpynly | 
uTo §’ = §'/K — Kpa3snuukauyeckan rpymma. Tak KaK KOMMyTaHT rpyrinte 
§= HK KpasunuKanueckuit (3aMeTHM, 4YTO OH MpHHaaexKUT WeHTpy § 
rpyMtbl $), To rpynna § JIOKaJIbHO HOpMaJIbHa. WaxktTop-rpynn| 


§/ 3=/8, rae 8 — wentTp rpynun §, He pa3JlaraeTca B IpAMOe MNpoOusBE 
WeHve WHKIM4eCKNX Tpyll, Tak Kak COepxKUT NoArpynuy, u3oMopuyio ie 


pHosmueckoH Mosrpyine MowHoro UpAMoro nupousBenenun rpynn {By}/{Zn} 
eas 18 Din 

TakuM o6pas0M, NocTpoeHa JO0KaJIbHO HOpMaJbHad rpynna §, caKkTop- 
rpyina $/8 (HecueTHad) Mo WeHTPy KOTOPOli He BOKUMA B IIPAMoe MpousBe- 
WeHHe KOHeYHBIX Ppyiin. 

JlemMMal. Ecau © — munumaronoili nopmanbnoii Oeaumeab AnoKaAbHO 
HOpMaNbHo epynne: © Oe3s wenmpa, mo cytuecmeyem makoii nepecekatoujutica 
c® no eOunuye HOpMaAbNolli Ocaumerd’ M KoHernoeo undeKca 6 GB, umo G/N — 
_epynna 6e3 yexmpa, u RM/ IM — eduncmsennoil munumarbHoull Hopmanonotti 
 deaumenb epynne G/M. 

Moka3zsatTenabctTso. Tak kak rpynina © 10KkanbHO HOpMasbHa M He 
MMeeT WeHTpa, To Jia M HaliqeTcA MaKCHMaJIbHHI NepeceKarouluiica c M mo equ- 
HHI[e HOPMAJIbHbIM LeMMTelb M KOHedHoro uHAeKca BG. Torga RM/ M aBaaer- 
CA CMMHCTBCHHBIM MHHUMAJIbHBIM HOPMAJIbHBIM JlemuTeseM rpynny G/M. 

a Tlokaxem, uro @/S He uMeet meutpa. Ilycth ZN — wekotopiii 2eMeHT 
‘Ipoctoro NopssKa weuTpa rpynup G/M. Tax xax [ZM, GM] = [Z, G] M=M 
| Avia IoGoro aeMenTa GEG, to |G, Z])EM. Ouesugzno, ZM mopoxsaer rpymny 
» MM /M, a moTromy B kayectBe Z MOxKHO BbIOpaTh ae aes 91eMeHT rpynmpt M. 
Ho torga IG, Z])ER. Caegosatenbuo, M] RIIG, Z] = 1. Taxum o6pasom, 
WeHTp rpynnn ©, Tak %e Kak UM WeHTp rpynnyr G/M, ormuyeu oT eUHUIHI. 
} Ilporapopeayue c ycuIOBHeM JIEMMBI JOKa3bIBaeT OTCYTCTBHe IeHTpa B rpyn- 
ne G/M. . 

' JlemMa 2. Ecau Oas KasKcd020 munUMAAbHOeO HOPMAaAbHOeO OeaumenaA Na, 
aER NOKANOHO HOpMaALHOL epynnot G Ges yenmpa 6 coomeemcmeuu c ymeepor- 
Oenuem nemmol | eolOpan HeKomopolll HOpMarbHolli OeAUMeA My, AER, mo npu 


usomopdHom omoOpascenuu G — IIGM, epynno GS 6 noanoe npamoe npous- 
ZER 
eedenue & epynn © /Ma, AER, Kascdvitt aremenm epynno: © nepeeodumcsa 6 ane- 


menm epynne: ©, nepecmanoGounolli NOSAeEMCHMHNO AULb C KOHCLHbLM LUCAOM epynn 
NM : Ma,. 
Moxa3zatenpetso. Ilycm G= NGM. —o6pa3 9smeMeHTa GEG 


MW WycTb Jvia wekoToporo Nz = N,Ma, Nu Re; [G,NaJ# 1,7. e §G, Nal & 
@€M,.. DITo o3Hayaet, uTo [G, N,] = 1. Tak kax [G, Na] = [G, Ng] pu 
a=, To 43 JOKaIbHOH HOpMasbHocTH rpynubt G BpITeKaeT, 4TO B rpymne 
' © cytlecTByeT JIMWIb KOHeYHOe 4MCIO Hosrpynn RM. /M., MOSXTeEMeHTHO He- 
MepecTaHOBOYHbIX C JaHHbIM 9JIeMeHTOM G. 
Gwet.cTB ue. O6pas G smemeuta G | IPH ONMCaHHOM B JleMMe 2 U30Moph)- 
HOM oTOOpaxKeHHu rpynibl & B rpynny G umeer B © Aub KOHeUHOe UHCIO 
- KOMIMOHEHT, OTJIHUHBIX OT CMMHHILbI, IpHHadexkalluX HOPMAJIbHbIM JeMTeAM. 

Ilonyuyaetca lipHMeHeHveM JieMMbI | 

TeopemMa. JlokanbHo HOpmanonaa epynna (amoot mownocmu) 6e3 YeH- 
Mpa UZOMOPPHO BAOICUMA 6 NPAMOE NPOUSGEDeHUE KONEXHOLX epynn, HE UMeIOUILX 
yenmpa. x 

Mokasateabcerso. Ilycth R— o6pas MpousBosbHoro KoHewHoro 
HOpMaJIbHOrO JeAuTeIA rpynmbl © mpH oTobpaxenuu nocuetuelt BG. Bauy 
jlemmbl 1, KoMnoHenta ®, = 1 rpynnp NB G/M, mepecekaercsa c TMa / Ma 
lo NOArpynne, OTMHYHOM OT eEAMHHUHOM, a MOTOMy H3 KOHe4YHOCTH R., B CMY 
_CJI@CTBUA JIEMMbI 2, BbITeKaeT, UTO TAKHX KOMNOHEHT rpynna M uMeeT AMUIb 
KOHeYHOR YHCIO, YTO H JOKAa3bIBaeT TeOpeMy. 

CaegcetBue |. Maxktop-rpynna JOKaIbHO HOPMaJIbHOH rpynnb & 
M10 OObCAHHEHHIO WJICHOB ee BepXHero LeHTPaJIbHOrO pHa H3OMOPHHO BOKUMA 
-B IIPAMOe MpoOv3BeseHHe KOHEYHEIX rpymn Oe3 WeHTpa. 
CmeactBue 2 (M. Xonn (*?)). CueTHas okaIbHO HOpMasibHaA rpynna 


/ 6e3 WeHTpa u30MopdHa HekoTOpol nosrpynme mpAMoro MponsBeseHuA KOHEY- 
HBIX Ppynt. 


Cnueycrsue 3(M.M. Kapranonos (*)). JlokaibHo HOpMasIbHaa rpynna, 
He HMeIollait adeJleBbIX HOPMaJIbHBIX JleIHTeeH, H3OMOpHO BJIOMKUMA B IIpA- 
MOe IIPOH3BeseHHe KOHEYHBIX rpylii. 

CnaegctBue 4(H.B. Yepuukosa(’)). Bnonne tbakTopusyemas JIOKaJIbHO 
HOpMaJIbHaad rpynma u30MopdHa HeEKOTOpOH Mozrpynne mpAMOrO MponsBeye- 
HHA KOHeYHBIX BHONHE PakTOPHSyeMbIX py. 


Tlepmckui rocyapcTBeHHbI YHHBepCcHTer Tlocrynuuio 
um. A. M. Toppxoro 15 XII 1960 


HMTHPOBAHHAA JIMTEPATYPA 
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Jloxnagn Akagemuun nayx CCCP 
1961. Tom 138, Ne 1 


MATEMATHKA 


0. A. JIAAbIQKEHCKAS u H. H. YPAJIBILEBA 


O AUSPEPEHWMAJIbHbIX CBOMCTBAX OFPAHHYEHHDIX 
OBOBUJEHHbBIX PEWIEHHHA MHOrFOMEPHbIX KBA3HJIMHEMHbIX 
-3JJIMNTHYECKUX YPABHEHHH VW BAPHALILMOHHbIX 3AQA4 


(IT pedcmaeaeno axademuxom B. H. Cmupnossim 24 XII 1960) 


Uccnenyetca vpaBHenue 


n 


5 (ai (i; Uu, Ux)) + a Oe (Bh. tx) = 0). (1) 


ih) 
ByfeM mpeqnonaratb, uTo m > 1; a; H a — U3MepHMbIe (PYHKUHH CBOHX 
apryMeHTOB, YHOBACTBOPAIOUMe YCJIOBH AM 
la;(x, u, pj))|p+la(x, u, p)|<p(ju|)(l-+ py", 
(2) 
Qj (X%, U, Pj) Pi: v (jul) p™ —p(| 2), 
re p = > ae B psye cayuaes OyeM lpeflouaratTb, YTO a; HU a, KpoMe 
if 


ycnoBua (2), YyOBIeTBOpAIOT yCoBuIo (3), HMeHHO, HMeIOT MO BCeM CBOHM 
apryMeHTaM TepBbI Wuddepenuual u 


m— da; (x, U, p;) ie 
vad Atay DBS ASE 2 <u (add tay De, 
i ] ; 
(3) 
0a; 9 da; fa) Fi) us | z, 
a p+ la (P+ a (P+ |a,| Sede) +p)”. 


_ 3iecb uv nwxe v (ft) u » (t) CyTb MOHOTOHHO HeBOSpacTaiollad U HeyObIBalollaAr 


- MONOKUTeIbHbIe PyHKuun ¢t > 0. 


Hasopem o6o6eHHBIM peilenuem ypaBHenna (1) byHKuuio u (x) 43 Wp, (2) *, 
_ YAOBeETBOPAIOULy!O TOK ecTBy 


is (48-1) =| [a; (x, U, Ux) Nx, —a(%, U, Ux) nH] dx = 0 (4) 
Q 


0 
pH mo6ol orpannyennoli y us W;, (). 
Hamu joKxasano (!,?), uro m1060e orpaHHyeHHoe OOo0OMLeHHOe pellenHe u (x) 
 ypapuenua (1) npunannexut Co, (2) c HeKOTOpbIM G > 0, 3aBMCHIILMM JIMIIb OT 
ww (max|u|) uv (max u|), BXOMAMMX B (2). 
Q 


Jlemma l. JIaa oepanuuennoeo o600uWjeHHoed pewenus u(x) ypasHenus 
(1) cnpasedausot Hepasencmea 


| geld <opt (5) 
K(e) 


0 
* Onpegenenne W},(Q) nu W}, (Q) cm., uampumep, B (?). 


—n-+-m—oa./2 


\ |x—y| Ryu décep (a (6) 


K(e) 
20e K (p) — arobott wap paduyca p, npuxadaencauuit 2, a nocmosKHAaA Cc saeu- 
cum AUb OM jr (max | |) uv (max | }) , 6XOOMUUX 6 (2). 


Tana POEMS Re LEOrnS Hallo BSiiTe B (4) 1 (x) = lu (x) —@ (eo) Ca); 
re Xo — ueHTp wiapa K (p), a ¢ (x) —ruaqkan, HeOTpulaTeibHaA cpesaloula 
byHkuna, papHas Hyi0 BHe K (0), H BOCHONb30BaTbCA (2) | U(X) — U(X) I< 
<cp*. Ito mpuBogut K (5). Hepapencrso xe (6), Kak H3BeCTHO, CileqyeT u3 
(5) (cM., nee Cy: 

JlemMm™ a 2. J[na sm6o0e0 cepanuuennoeo o600iuWenHOZO Regs u (x) ypae- 
HeHus (1) ee m > 2 umeetn mecmo Hepaeencmeo 


| + | yu pdx <op | (+ | yal)? | A Pax (7) 
K(e) K(e) 

5 ; 
npu abot oepanurennoti & us Wm (K (p)) ¢ nocmosHHoll c, saeucsujeli AU om 
u(max|ul) uw v (max |u|), exodsyux @ (2). 

Q Q 
Has a weal Halo B3ATb B (4) B KauecTBe yn dyHKuHIO [uw (x) — 
— u(x)] (x) mM Bocnomb30BaTbcaA Hapsay c (2) XOPOMIO USBeCTHbIM gepar ees 
CTBOM \ G2dx << Cpr \ |v& dx, cipaBeqIMBEIM JA stOOoK EeW! (Q). 
K(e) K(e) 


JlemMa 2’, oe b (x) > 0 u Ons atooo2e0 9 > Ou yEQ unmeepaan 


a —n-+m— 
\ |x—y| om (x) dx tip, Ge OMe ee para 
K(e) 
\ bmERdx < Cp2a/m \ Ons Ve fe dx (8) 
K(e) K(e) 


0 
npu woot oepanurennoti & us Wim (K (p)) c nocmosHnot c, saeucstuetl autuo 
OMt Cis OS he. 


0 
Jina yoKa3atenpcTBa (8) ucnomb3syeM TO, TO Ja mobo —§€ Wh, (K (0)) 
MOUTH BCIOLY BepHO TOKeCTBO 


nohay OE (y) i 
& (x) = \ “dui Oy; [ey 
K(e) 


79 
re - > = 7 —HWOWab MOBEpXHOCTH eM HAY HOH CepbI B N-MePHOM MpocTpaHCcTBe. 
BBuay 9TOrO H YCOBHH JeMMbI 


\ om Btdx <o\ om (x) (\|x—y "| vb ldy ) dx < 


K(e) 
<olom (x) (\\x—y tr" | ye ) Por (W) dy) x 
(Vay tttoem (y) dy) dx < 
<crpm2 om (x) (V)x— yf" ** | yE (W) Pom™-*(y) dy) dx < 


<capaaim bm (y) | WE (y) dy. : 


V3 semMpi 2’ calemyet, uTo JlemMMa 2 ciipaBeqiuBa uw mpH |< m< 2. 

Teopema l. aa oepaxurennoeo o600mexnHoeo pewenun u i ypaéHe- 
nus (1) cnpasedauea meopema eOuncmeenHocmu 6 manom. Tounee: 06a o2panu4en- 
30 


d\ 


Holx OOOOWEHHLX peluenun u’ (x) uu" (x), paeHble Opye Opyey Ha noBepxHoOcrnt 

wapa K (p), coenadarom @ K (p), ecau monvko paduyc p meHoiue HeKOMOpozo 

ducnha, Onpedensemoeo }. (max |u’|, |u"|) uv (max |u|), exodauumu 6 
Q : Q 


(2) a (3). / 


0 
Jina mo6oH orpanuuennoli y (x) € Wm(K (p)) umeem 


al 


O=1',n—1w' n=\5l Wo de, 


re ut = (1 — t) uw” + tu’. Mponssenn gzuddepenuupoBanue no ¢ u MOOK 
1 =u’ —u", MbI IpHAeM K paBeHCTBY, M3 KOTOporoO, uCcnomb3ya (3), NO.yYHM 


(+i ye"|-+lye" "| ynPde<e | (iti ya’|+| ye") ds. ©) 
K(e) K(e) 


» OTcioja\Ha OCHOBAHHA JIeMMbI 2 Mpu m > 2 4 memMbl 2’ np | << m < 2 3aKkmi0- 


4HM O paBeHCTBe HyJIO 7 (Xx). 


Teopema 2. Ecau evinoaneno: ycaoeua (2) u (3), mo atoboe o2panuuen- 


Hoe OO00WeHHOe pewenue u(x) ypasnenua (1) umeemm Ob0OtUeNHbIe BnopoLle npoLs- 


“eO0OHbIEe UL YOOBAeMBOpAemM noumu ecrody ypaeHenuro (1). Jlrs Heeo 


\ five? ++] ve)" D) thay [Ae <ec (10) 


Qe 


- 20e 82’ — npouseorbHan cmpoeo eHympennsa nodobaacmb 2. Ecau S ug = u's 


y 
: 
, 
f 
». 


\ 


a 


> 
' 
% 
3 
| 
' 
2 


“FT 


i 


I< 


deancdvt Henpepoleno Oudqepenuupyemo, mo (10) eepHo u daa 2’ = Q. 
BosbMem B (4) 1 (x) = (tn) (x) © (%))q, THe S$ (x) — ABaxKDbI HeNpepbIBHO 

udbepeHuupyeMaad HeOTpHUaTeIbHad cpesaloulad SyHKLHA, paBHad HyJIIO 

BHe K (p), a CHMBOUIBI ( )(n) H ( )(g) O3HAYAIOT MpaBoe HM JeBOe PasHOCTHbIC 


OTHOMeHHA TO xx. [locme storo mepeHecem ( ) Ha MepBbIii MHOMKHTeJIb H 
MIpoOBeeM OWCHKH, HCHOMb3ya (3). DTO MpuBeyeT HAC K HepaBeHCTBy 


\ >) BN sg Gx < 


2 ih Q 


Be UE Wore fence la (11) 


a a) 


t roe B(x) = 1 + |yu (x)|+| yu (« + Ax,)|. Tak Kak u(x + Ax,) ectp, 


TaK Ke Kak H uw (x), OrpaHHueHHoe OOOOMIeHHOe pelieHHe ypaBHeHHaA TuMIAa (1), 
TO [JIA HHX BepHbI JleMMbI 2 u 2’. M2 9THx semM u (11) caenyeT paBHomMepHaa 


_ OrPaHHYeHHOCThb HHTErpaJIOB 
. 


\ Eias Ux, + Bruny) Odie. 1c: 
fe) i 


Ha OCHOBaHHH KOTOpoli yOexyaeMca B CIIpaBeIMBOCTH BCeX yTBepAeHHH 
TeopeMbl quia 9’ Q. Jloxasatenperso (10) qa Q’ = Q mpuBoquTca Tak xe, 


| Kak B (°), C pacnipaMsJeHHeM rpaHHUbl H CBeJeCHHeM PPaHHUHbIX 3HaYeHHH K Hy- 


JI@BBIM. 

YcTaHOBJIeHHble 3yecb JIA ypaBHeHHlt (1) dakTbI NO3BOAIOT YCHJIMTb pe- 
3YJIbTaTb, OKa3aHHble HaMH pauHee (1,”) OTHOCHTeJIbHO OFpaHHYeHHbIX O606- 
IN@HHBIX PeWeHHH BapHallHOHHOH 3ayauH Ha ONpesesieHHe MHHAMYyMa (byHKIHO- 
Hava 


FTI \F (x, U, Ux) dxidxn, uly =. (12) 
Q ° 


Ypapueuue Diinepa qua J ABJIAeTCH UaCTHBIM Cly4aeM ypaBHenuli Bua (1), 
H JIA Hero ycoBua (2), (3) CelyIoT H3 TAK Ha3bIBAeCMbIX «eCTECTBEHHBIX» Mpey- 
nomoxKennli o F. Umenno, u3 padot (1,2) W WoKa3aHHbIX 3feCb NpelioxwKeHun 
BbITeKaeT CJleqyroulan: 


TeopeMa 3. Jl6aa oepanusennas ynkKyun u (x) us Win (Q), Ha Komo- 
poUeO) (iu) == \ (Fu, (%, Uy Ux) Nx, + Fun) dx = 0 Onn so6o% oepanurennod 
re) L 


0 
n (x) EWim (Q), npuxadsencum Cp, « (2) (k >3, a>0), ecau F (x, u, pj) KaK 
PYNKUYUA BCex ceoUuxX apeymenmos npuHadaencum Cp, « U yYOObAembopAeM mOAbKO 
«ecmecmeeHHbim» npeOnonosenusm, cpopmyauposanHolm 6 (1,”). 
O6s0p paGoT Mo o6cyxKTaeMBIM 3/eCb BoMpocaM Jan B (?). PesymbTaTbI WaHn- 
HOH 3aMeTKH, HACKOJIbKO HAM H3BeCTHO, HOBLI Jake Qa n = 2. Teopema 3° 
jloKa3aHa B TOJIbKO ¥TO MoABUBINelicA pa6ote Moppu (°) mpu n = m = 2. 


JleHuHrpaycKul rocyapcTBeHHbIH YHHMBepCHTeT TloctynuJio 
um. A. A. )Kyanopa 20 XII 1960 


UHMTHPOBAHHAA JIMTEPATYPA 


10, A. Jlaguxeuckaga, H. H. Ypaapbnmesa, JAH, 135, Ne 6 (1960). 
2O.A. JIagnxeunckas, H.H. Ypaampuesa, Yc. matem. Hayk, 16, B 1 (1961). 
3B. WU. Cmupuos, Kype spicmet matemaTukn, 5, 1959. *C. B. Morrey, Math. 
Zs., 72, H. 2(1959). ®O. A. JIagbtwxeucKaas, CmellanHad 3aqaua Auia runep6oun- 
yeckoro ypaBHenusa, 1953. § C.B. Morrey, Ann. d. Scola Norm. Sup. di Pisa, ser. II], 
14, Fasc. I (1960). 


Jloxrnagn Akaxemun nayr CCCP 
1961. Tom 138, Ne 1 


MATEMATHKA 


B. H. JIEBEAEB 


O 3AQAUE AMPHXJIE WH HEAMAHA HA TPEYSOJIbHbIX 
M WECTHYFOJIBHbIX CETKAX 


(IIpedcmaeneno axademuxom C. JI. Co6oaeeoim 12 XII 1960) 


_ Mssectno (7), 4To Ha WecTHyrO/IbHOH ceTKe JOKaJIbHad alMpOKCHMallHA one- 
\patopa Jlanaca pasHOCTHBIM NpousBOAuTCA m0 4 TOUKaM, HO MOPpellHocTh 3Toli 
allnpoKchMalluu Nosyuaetca O (A), a Ha TpeyrouJbHOl CeTKe, XOTA MorpelliHocTh 
_ allMpOKCHMallMM ONepatopa Jlanmaca pasHocTHbIM H ABJIAeTCA BeMUMHOH O(h*), 

HO alllpOKCHMalluA MpoHsBo_uTcA To 7 TOUKaM. B HacToslelt 3aMeTKe MoKa3a- 

HO, TO MOFpelHOCTb MeXxKy NpHOWKeHHLIM HU JOCTaTOUHO rylayKHM TOUHBIM pe- 

Me€HHeM, BOSHHKaiolllad B paCCMaTPHBaeMbIX KPaeBbIX 3aayax MPH 3amene one- 

patopa Jlanmaca pa3HOCTHBIM, OMpeseJIeHHLIM Ha IecTHYrOJIbHOH CeTKe, HMeeT 

nopsfoK h?; 3To SOyAeT CleMOBaTb H3 TOTO, YTO HEBA3KA B AMMPOKCHMAILMH one- 
patopa Jlanmaca pa3HOCTHBIM NpescTaBAeTCA B JHBepreHTHOH opMe H HMeeT 
'B COceqHHX TOUKAX C TOUHOCTHIO JO yeHOB O(h*) npoTHBONMOOKHbIH 3Hak. Io- 

Ka3aHO Tak?Ke, TO OT CHCTeEM ypaBHeHHH, pellileHve KOTOPBIX alllpOKCHMHUpyet 
‘Ha TpeyroubHOH CeTKe pellleHHA paCCMaTPHBaeMbIX 3aau, MOXKHO NepeliTu 

K [pyro cucteme (48 A-conpsxKeHHOH CyHKIMH, onpeyeseHHOH Ha WecTH- 
“yrOJIbHOH cCeTKe), KaxKfoe ypaBHeHHe KOTOPOH COepxKUT JIHUIb 4 HeEH3BeCT- 
‘HBIX. 

Ilyets U — rapMonuyueckan dyHkuua, a V — elt comnpsaxeHHaas, ompeje- 
JIGHHbIeE BHYTPH OAHOCBAZHOH OGsacTH 2 Ha MyIocKOCTH (x1, x2). [locrpouM Ha 
MJIOCKOCTH (X1, x2) TpeyrombuHy1o ceTKy D;, c marom h = hi. MuoxkecTBo wWeH- 
‘TPOB TpeyrouIbHHKOB O6oO3HaYNM {2,, OHO OOpasyeT WIeCTHYFOJIbHy10 CeTKy C 


‘marom fz = hi / V3. Muoxecrso cepequn oTpeskos, oOpasyloulux ceTKH Dp, Qn, 
“o6osHaduM Bp. PaccMoTpuM YeTBepky To¥eK MHOxecTB Q,, Da, MexKalHx B Q: 
tiyctb Toukn A, B€ 2, — Be coceqHuve ToUKH, TOUKH C, DED», HaxofATcA Ha 


paccrosuun fi/V3 or Ttouex A, B, an, s — equnuuHbie BeKTopa M0 HalpaBue- 
HuaAM cooTBeTcTBeHHO BA, DC, oOpa3yiolulve ipaByio CHCTeMy KOOp]HHAaT 
(n, s). Torga paBencTBa 


OUgenoVem OU. 5 10V. I 
Hime wosd? ods) = anon (1) 


$ 


3aMeHHM BHyTpH {2 Ha MpHOmMKeHHEIE 


a (Wa — Up) = hy * (Uc — vp), 2) 
jee (uc oar Up) = ee (vB — Va). 


Tlorpeunoctu yn = U—u, €=V—v, ONylwleHHble Mp 9TOM, OysyT 
‘YAOBNeTBOPATh CHCTeMe ypaBHeHHit 


y| Hat (qe te) — (Co — bn) gs % 
hy (nc —np) + Ma (Ea — be) = he, 
3 AH, 7. 138, 08 4 33 


rye B MeCTHOH CHCTeMe KOOpP]HHAaT 


h2 - 9s he as 
pi (0, 0) = Sere [U (81h2, O2h1) J Se oe re eae (G1h2, 82h1)), (4) 
hs 


pe (0, 0) = 2 SIU (Osho, ahs), 


RU Wetule atoms gs, 4 

TloctaTtouHo paccMOTpeTb TOJIbKO Ba CyUaA JWIA CHCTeMbI (2): 

1) Jina dyHKunMM u, onpexeneHHol Ha Q,, pemlaeM pasHOCTHyio 3aqayuy 
Tlupuxae, Torza ia h-compsKeHHON PyHKUUH 2V, onpejeneHHou Ha Dp, Mlomy- 
yaem pasnocTuyro 3sazauy Herumana. Jina o6nacTu Q “3 MHOxecTBa D», BbITeIA- 


2 
eM BHyTpenHue D}, u rpanuunpie Tj, y3bt. PyHKuMA v ONpeyenaeTca Ha Dj, = 
=D} +T;. V3 muoxecrsa Qi — ueHTpoB TpeyrosbHHKOB, BCe BepLIMHbI 
KOTOPbIX HpuHanmexat Dj, BbIerHeM Sj; — MHOWAECTBO WEHTPOB TeX TpeyTosb- 

1 1 2 1 
HHKOB, Y KOTOPbIX [Be BepWHHbI MpHHagneKxat Ty, mycTh 9, = Q_ — Sp: 
i: 
@ynKuMA wu ONpesennetca Ha Wp. 
4 a 2 
2) Tua dyHkuun v, onpefzeteHHoH ua Dj, peliaeM pasHOcTHy!o0 3aya4y 
Jlupuxue, Tora 21a h-conps2KeHHOH PyHKUNH U NoyyaeM pasnocTuyto 3amayy 
Heiimana. Oyukumio uw cunraem onpefemenHolt Ha MHomwectTBe Q; + Sh, rye 


= 2, 
Si. € Qn Ww yRasleHo Ha paccrosuue he oT Q). 
Bce’ BHOBb BBeJeHHbIe MHOMKEeCTBA IpelMlosarawtTca NeKawumMu B OQ. 3Ha- 


yeHusn uw Ha S;, onpezensiot Ha TY, Av/An aaa v, a 3Hagenusn Au/An ua Si 


onpeyensior Ha Tj, € TOUHOCTHIO NO MocTOAHHOM cbyHKuuto v (°). Kpome Toro, 
Kak JIerKO BUJeTb, (PyYHKUMA WU YOBJIETBOPAeT BO BHYTPCHHUX TOUKAX Pa3HOCT- 


HOMy ypaBuHeHwio Jlanmaca Qa wecTHyrombHoK ceTKH: A,u = 0, a dyHkuna 
v — pasHOCTHOMy ypaBHeHuio Jlannaca Ha TpeyrombHol ceTke: Aju=0. Ta- 


KMM OOpas0M MBI Tiovly4aeM, 4TO sNOOOM HallleH KpaeBow 3aqaue WA PyHKUMH 
UV COOTBETCTBYeT CONPAKeHHAA KpaeBad 3afaua A PyHKWAH wu. 


Tellepb OWeHHM BeJIHUHHY 1, JWIA ZTOTO 3aNMINeM BbIpawKeHHve Juan A,n B 
Trouke x@Q;,. Tlycts n;, i = 1, 2, 3,— equnuanble BeKTOpH, BbIXOJAMIMe U3 
TOUKH X B HallpaBJeHHH Tpex CoceqHHX C x TOYeK MHOmKecTBAa QQ); TorMa, CTaBA 


B BbIpaxkeHHu (4) y NpOw3BOHOH HHAeKCHI t, NOJyIHM | 


3 
af A TNS 1 
t=1 h 
yCTb 


mo] Se, 
HM ecuH ) = Yi + Ne, Taye 
Anyi = bs, Ist = 0; 


, (5) 
Anne == 0, Y2 Ist = Yo, 


Ime|<e. 
3 ypapyenul (5) lomyuyaem, 4To 


2 , 
h; > mAnm = had) yarps. 
5 | ¢ 
Oh Op 
CyMMupys lO ¥acTAM B O6e€HX YaCTHX STOTO paBeHCTBAa, OOosHaYaA uepes 


Yin; Pas qeNeHHbIe PasHOCTH PyHKUMH 1 NO HallpaBJeHHtO N;, NosyIaeM OMeHky 


Don < ond ASD (22)), 


3 
Br i=1 Bh an On: 
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M3 KOTOPOH NoJly4aeM, 4TO ipaban YaCTb 9TOrO HepaBencTBa OyNeT BeMMUUHO! 
2 
O (hg), ecm MpousBoguple 3-ro nopayka dbynknuu U orpanwyenbi uM uMeIOT 


oh 
ocoOeHHOCTH Buya p “* B KOHEYHOM 4NCHe TOUeK Ss, TpaHHIbl, Te py — pac- 


CTOAHHE JO Sp, a0 < Ay, < 1/9; oTCloga, Kak B (4), Nomy4aeM, 4YTO BO BCHAKOII 
BHYTpeHHel NomoOmacTu o6macTu 2 


N= O (hy +2). 

Ilyers UCH (4, A, */2) @), a hbynkuun y’, C: ynossetBopsiot cucteme (3); 
ynkumo 1’ xa S;, ofpeyenum tak: nyctb Ss € Sk uy’ (50) = 0, a B OCTANbHBIX 
: TOUKaX Sh ollpefeiseM 1’ B HallpaBmeHuH JeBoro OO6xona S;, TaK, U4TOOBI 
At, /An=0naTh. Sto MoxHO clemaTb, MomBsysach ypaBHeHusaMu (3), BO BCex 
Toukax IT, KpoMe ofHOli; B STO TOUKe JoNomHUTeRbHO noTpeOyeM, TOOBI 
'% = 0; sametum, uro B Heli Ati / An = O (h}). Torna B 23 m1 — 0’ = O (A), 
-aB wmo6ol Touxe x €D}, 


: Mita = ps, as ©) 

Mirne ws = O (h”). 7 

_. Ilyerp s;, i = 1, 2,3, — equnnunpe BekTOpbI, BbIXOMMMIMe H3 TOUKH x 
NO HallpaBIeHHAM OTpe3KOB ex, k = 1,2,..., Ni, i = 1, 2,3, o6pasyrommx 


| Tpeyrouibuy10 ceTKy MHoxecTBa Dj,, a yrubl MeXKILY $1, S2 H S2, Ss, OTCUNTEIBae- 
Mble TIpoTHB 4acOoBOH CTpeKH, paBHEI 2/3; Torgqa BeMUHHY pa, NoMb3ysACch 
_TeM, 4TO 7 


3 

rears 

a ote 
_ MOKHO IIpeAcTaBHTb Tak: 

: 3 
Ypa = ») Ds: 4 
t=] 
\ ie ae: typ \, HOV) 
mrye Wei => 3h, (1 (« a x fusi) ae tpi (x 5) fus:)) ai 7 ast , 
“HW CaeqoBatembHO, H3 ypaBHeHus (6) Mouyyaem 
3 3 Ni 
Ce a) = — 2h, >) YD) be. (7) 
Bn i=l T= nae eck 


a em Uc H (4, A, '/2), To (*) 


Y2 
ut 
than (ya, ys) = Fa Dies = O (hy), 
yy 
“THe. Y1, Y2 — mMoOble ABe TOUKH, exallMe Ha OTPeske e;,. CmexoBaTenbHO, jle- 
Jia B CYMMe TIO @;, BbIpawKeHuA (7) CyMMHpOBaHHe M0 YaCTAM, NOJb3ysAcb 


i 2 
HepaBeHCTBOM 2ab < sa” + 8 1b?,e > 0, a Takxe OleHHBaA in >) Ci yepes 


4 
o 


7 3 
he >) mH (is,)?, Noy aHuM 


Bp t=1 


he >) (n,.)? = O (h’), 
is 


3* 30 


rye 4 — mo06an JOMaHad JIMHUA, OOpasylolllad WeCTHyrOJIbHy!0 CeTKy, a Ny — 
pasqeneHHpe pasnoctu dyHKunu 1’ Boob J, a oTcioma cneqyeT, YTO YN’ = 
= 0 (h3) u 


1 = O(t3 + 8) 


BO BcCeHi oOmacTH @. 
2) Ilyctp 5 la =. (fz); Torga, WpOBOAA BbIKMaAKH, AaHaJOrM4Hble CAy- 
h 


uaio 1), MOMy4MM, 4TO BO BCAKOM BHYTpeHHeli NomoOmacTH obmacTH 2 


1 = O (& (he) + Az) 
“ BO Bcel o6sacTH 2 


bee © (ona a hs) 


Ec HCiOuIb30BaTb CBOHCTBa (byHkuWHi [puna pacCMOTpeHHbIX pa3HOCTHbIX 
3aja4, TO MOXKHO HOJYSIHTb 3TH OWEHKH TpH Oosee cmabblx NpewnooKeHuAx 
OTHOCHTeIbHO TraagkKocTu dyHKunH U. AnanorMuuHble OWe€HKH MorpelHocTH, 
BOSHHKAIONHe Ip MpHMeHeHHH IWECTHYFOJIbHBIX C€TOK, MOXKHO TOJYYATb WIA 
3IIMINTHYECKHX YpaBHeHHH C MepeMeHHBIMH KoOopPHUMeHTaMH, a TakoKe JIA 
HeEKOTOPEIX HeCTAIMOHAPHbIX ypaBHeHHi, HallpHMep JIA ypaBHeHHA Telo- 
MIPOBOJHOCTH. 


Tloctynu.10 
10 XI 1960 


WHMTHPOBAHHAS JIATEPATYPA 


1H. M. Ttoutep, Teopua noresumana, 1953. 27 JI. B. KanToposug, 
B. H. Kpsuaos, IlpHOmmxenHpe metogn, 1949. 3B. HW. Jle6enes, JAH, 127, 
Ne 4 (1959). 4B. WU. JIe6enes, JAH, 182, Ne 5 (1960), °C. Mc Huxonuspck uit, 
Kpagpatypupie . popmysnt,: 1958. 
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Aoxaagn Akagemun nayrxr CCCP 
1961. Tom 138, N 4 


MATEMATHKA 
A. 0. JIEBHH 
O HEKOTOPbIX OWEHKAX J\M®EPEHUMPYEMON ®YHKUHH 
(ITpedcmaeaneno axademuxon A. H. Koamoeopossim 20 XII 1960)” 


B HactoslleH 3aMeTKe MpHBOLATCA Be OMeHKH * BelLeCTBeHHOM Ast: 
eae (byHKWHM, YOBNeTBOpsroulelt ONpeleteHHBIM YCJOBHAM, 
yKa3biBaeTca MpHJIowKeHHe OMHOH H3 HHX K MHOFOTOUeUHOH KpaeBon 3afaye. 
 Teopemal. Ilycmo x (t) xenpepoieno Lapsitabie ne Ha ompesKe 
Slab] n pas .u ydosaemeopaem YCAOBUAM 


x (a) = x! (a) =... = x(a) = 0; 20 
 20€ di, G2, .. ., An — NeKOMOpele mouKu re aitee (a, 6). T Sede Ha sles pb] umeem 
-mecmo ouenKa 

(x ()|<C, (6 — a)” max | x” (4), tegen (2) 
ax<t<b 
2de 4ucna Ci, C2,... onpedeastomcaA us pasAonxtenua 
gt tsece= 1+ DiC (It]<$). Heid (3) 


B coorsetcrBuu c (3), 3Ha¥eHHaA C, MoryT ObITb BBIPayKeHbI Yepe3 UNCIA 
Beppys1H B, (Bi = 1/, poser .. .)HuNcnda Dinepa Ey. (E;=1, Ba = 5, ...) 
_ CchehyrouluM o6pasom (n = 1, 2,.. ): 


pan (2S aed 1) Be C = Bip 
2 aes 


Con = (2n!) ; (ny) 


: Teopema 2. IIycme x (t) yooeremeopsem ycaoeusam (1), nputem eoinoar- 
_ asemca OOHO U3 NepaeeHcme 
4 (4X) a2 Sas VS On (SO), 
(AX) Gn S Ona Qe.» GAs (LO). 
Toeda Ha |a, b] umeem mecmo ouenka 


[x(Z)i< 


1 
peta eo) max |x) (1)|, eS ta (4) 
esial 0. 
2 2 
SHaveHHA KOHCTAHT B omleHKax (2), (4) Heysly4aeMbl. 
2. Ilyctb paccMaTpuBaeTca MHOroTO“euHad KpaeBan 3aaya: 


AEM) te pt (t) XPT oe wack Pn (8) % = fill), | (5) 

ta es Ate (Gaye Aan. ..2, X% (G,)t=oAn (6) 
UO SO oon Ay aU) 

rye pi (t),..., Pn (4), f () HempepprBHEr Ha [a, 6]. MoxkHO He MCK0OUaTb Cary- 


yal COBMaeCHHA HECKOJIbKHX Q;; IIpH 9TOM B OAHOM TOUKe 3aaloTcA 3HadeHHA 
Kak x (t), TaK HW ee MoCMeMOBaTeIbHbIX MPOH3BOHBIX (B COOTBETCTBHH C KpaT- 
-HOCTbIO 4). 


* Tleppaad u3 HHX, KaK BbIACHHJOCb, Oblsta Noyunsa C. H. Bepumreiinom eme p 1940r. 
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TlomoKuM 


h = Qn — 4, max |p| =P; (t= LF ae 
A<t<a py 
Bamse-Ilyccen (4) (cM. TakxKe (?)) yKasam clefyrolllee AocTaTOuHOe yCuloBHe 
paspemmmoctu sagaun (5) — (6): 


SP hee (7) 


Astopom (3) (a HesapucuMo oT Hero B. I’. Ma3ba) ObI0 HalieHo MeHee orpa- 
HHYMTeNbHOe 4YeM (7) yCIOBHe pa3pelmlMMocTH sagaun (5) — (6): 


n—1 
4 n—1 


BEI esi kD Say 3 Noe (8) 
nnl ; i 


C MoMoutbio TeopeMbI 2 MoxKeT ObITh TOKa3aHO CJelyrollee MpesomwKeHve. 

Teopema 3. aa moezo umobe sadaua (5) —(6) 6olua paspewuma npu 
moboix Ay, As, ..., An u abot nenpepoienoti f (t), docmamo4no, umobet ebinoA- 
HANOCH Hepasexicmso 


n 


4 hk 
2 mp S" o 
Us cooTHomeHHA 
[1 ihe 
4 af Crh-1 ws < a 
ESET ok Rl 


clleqyeT, 4TO B HepaBeHcTBe (9) KoxbPHIHeHTEI MpH BCex cTemeHaAX A MeHbUIe 
COOTBETCTBYIOUUX KOMPPHIMeHTOB B HepaBeHcTBe (7). 

Jlerko yOenuTees, ¥TO ycsoBua (8) uw (9) aBAAIOTCA (pH n > 2) B3aMMHO 
He3aBHCHMBbIMH. 

3. C MOMOMIbIO TOH Ke TEOPeMbI 2 MOXKHO MOMYIHTh YCHJIeHHe TeEOPeME! eHH- 
cTBeHHocTu Bamve-Ilyccena (cm. (*)) 2a HemMHeHHOM KpaeBol 3anauu. VMmen- 
HO, CIpaBeIHBO CJlelyrollee MpediowKenne: 

Teopema 4. J]ycmb npaean tacmb ypasHenun 

Ba te adie wl she aN a fi ay Sele 8)) (10) 
yoosaemeopsem YCAOBUIO 


ria 


bt (E00, Oiprerames Un—1) — f(t, Uo, Uy, -. «5 Ua oe >} Pn—n | On — ua | 
k=0 


u, Kpome moeo, BbinoAHAeMcH Kakoe-nubo u3 Hepaeencme (8), (9). Toeda ypaenenue 
(10) umeem ne Oonree OOHO2O peiuenua, yOosremsopstoeeo ycaoeusm (6). 

-) ABTOp BbIpaxkaeT HCKpeHHIOIO’ OarosapHOCTb CBOeMy PpYyKOBOJMTeJIO 
My A. Kpacuocempckomy. 


Iocrynuso 
17 XIT 1960 


[Se f 


iingehe ten IMTHPOBAHHAA JIMATEPATYPA 


‘Ch. J. De la Vallée Poussin, J. de Math. pures et appl. (9), 8 (1929). 
* ix. Cancone, OOpikHopeHuble 1HppepenuHabuble ypaBuenua, WJI, 1953. % A. IO. JI e- 
BMH, Hayun. 0K. Bricm. WKO/IbI (bu3.-MaTem. HayKu,. Ne 5 (1958). *C.H. Bepu- 
mTeH Hu, Coop. cou., 2, crarpa 100, 1954, ; crp. 497. 


38 


| Jloxnaym AkagemMmun nayk CCCP 
1961. Tom 138, Ne 1 


MATEMATHKA 
H. C. JIIOBYEHKO 


. NPHBJIMDKEHHOE PEWEHHE KPAEBOM 3A AU 
AJIA HEJIMHEMHOFO OBbIKHOBEHHOFO JIMOOEPEHI[MAJIbHOrO 
YPABHEHHSA BTOPOrO NOPAAKA C MAJIbIM TAPAMETPOM 
MPH CTAPLUEM MPOM3BOAHOHM HA OCHOBE METOJIA HbIOTOHA 


EL ee 


(ITpedcmaeneno akademuxom C. JI. Co6onestim 6 XII 1960) 


_ WHOHHOM rasoBol TYpOUHbI CBOAMTCH K CJlefyrollei KpaeBol 3amaye (+) Ha oT- 


_ 3aylaya onpesenenusa TemnepatypHoro Moma oXmaxKaeMoli somaTKH aBHa- 
! 
 pesxe [0, 1]: 

y 


y 9 d d 

4 e S|FOG|—Y¥ & 9 = 0; 
Baume tse 2x (1) == B: 

IIpeanouoxum dyxukunio FY (u, t) HenpepbiBHoli HM Merle HelpepbiBHy10 

_ BTOpy!0 MpousBoxHyto No uw B oOmacTu Ot <1, |u — x (t)| <6. OynKnus 

_} (é) Bax HelIpepEIBHO AudpepenuMpyema, cTporo NosoxuTeMbHa Ha [0, 1]. 


_ 3a MepBoHavanbHoe MpHOMKeHHe NPHHUMaeTCHA LBaxK Ib HepepHIBHO AHpipe- 
_ peHiupyemasa yHKINA Xo (Z) 


(I) 


so. (eb Naame 
x, (@) na (0, el, [1—e, Th 


Mp <_<" = 


| Siecb x° (¢) — pemienue ypapHenua (1) mpu e¢ = 0, a xo (¢) — TBaxKAbI Hempe- 
 pBIBHO AuppepenuupyeMaa *PyHKUMA, YOBJeTBOPAIOULAaA KpaeBbIM YCJIOBHAM 
3ayauu (1) 

Jia lpuMeHenua oOuled Teopuu Metofla HbioTona Gyem paccMaTpuBaTb 
“AudpepenuuaibHoe ypaBHeHve (1) Kak (yHKIMOHaIbHOe B MpocTpaHcTBe 
“X= c? jBaxKIb HelpepEiIBHO AuddepeHuMpyeMbIX (yHKUMH, YOBMeTBOpsAIO- 
IHX KpaeBbIM YCJIOBHAM C HOpMOl 


i= % max [er [FOG 


, 


+ max |x(t)|, (2) 


te[o, 1] 


Ire A > 0 Oyler onpeseneno BrocmencTBUH. 
_ B KauectBe MpocTpaHcTBa y pacCMOTpHM MpocTpaHCcTBO C HellpepbIBHbIXx 
'B mpomexytke [0,1] yHKuwit c oObMHDIM ompeweneHueM HOpMET: || y|| = 


= max jy (|. 
tefo, 1] 
PaccMoTpuM ollepayuio &, 
y= P(X), yQ=PGPOG|—E OO, 4. (3) 


; 
HerpyaHo nposeputs, to # oroOpaxaer ccbepy Qo || x — x0 || <6 B mpo- 
cTpaHcTBo C u HMeeT B STON Cchepe HelipepbIBHbIe IIpOH3BOAHbIe MepBoro Ui BTO- 
: 39 
} 


poro nopayKa. IIpu stom 


#' (2) (Ax) (0 = & FF OG |— Ya (2, 8 Ax (4) 

R" (2) (Ax, AX) (t) = — Via (2), t) Ax (Q-Ax (0. (5) 
BeueactBue snemeut Ax = To (y) ecTb pellieHve KpaeBow 3aa4uH 

2 207 QL2] — Yi (0.0 Ax = y C 


Ax (O)s=10;. Ax(1)= 0. 
PaccMoTpHM OHOpofHoe ypaBHeHHe, cooTBeTcTByloulee (6), H NOACTaHOBKOH 
Ax =u (t)/VF() cpenem ero K BuAy 
2.” (t) — [q@? () +r Ol] u (f) = 0. (7) 
Sec 


we Ey ay ite te er eemnnay ern) ; 
q (toe ee r(t) = 5) — aR" 7 (8) 


B MpeAnonoxKeHHH paBHOMepHOM OrpaHHYeHHOCTH TOYHOTO pelieHHA ypaB- 
HeHHA (7) JerKO MOKa3aTb, YTO IIpHOMKEHHOe pellieHve ypaBHeHHA (7) ¢ Tou- 
HOCTbIO JO BeHUHHEI O (2?) wMeeT BUI . 


AOE ea 


Tenepb Jlerko ompefetsetca sMHeliHad onepauua T, Onuskasa K Ip = 
= [P' (xo)]-1. ®yuxnuan [puna aaa onepatopa 


ai Slt (t) a | as y, (xo (t), tyAx 


mpu ycesopuax Ax (0) = Ax (1) = Oc yuetom (8) u (9) uMeeT Bu: 


G(t, s)=— z Boe exp (+ ( (28) te) — exp (44 =) a) x 
0 


t t | i | 
exp(=\a@ dt) + 7 exp(—t\ amar). 9) 


1 


x {0¥ (xo, #) f (1 [V1 (x0, 3) f (| 1 — exp lee =\ (32) "ar) |)" 
mph O<t<s; Oe 


ot = — [eo (4 (2) ~ on (— 34 (55)"a) 
ca A(t) foo (24 (BJ) eon (24 


x {1 (x0, ) FOI EF, (20, 9) F(9I%] 1 — exp(—= ts )«))} 


TIpHgS al 

CorsacyeM HopMy X c HopMol Y, 4ToOn! onepauwHa G ocylecTBAAsa H30- 
MeTpHiO M@XKAY STHMH MpocTpaHcTBaMH. Tak Kak KpaeBan 3afaua (6) HMeeT 
eHHCTBeHHOe pellieHve, TO 
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Ax =|\G(t, s)y(s)ds. (11) 
0 


Orciofa culelyert 


max |Ax(t)|< , max |G (z, s)| ly]. (12) 
t€[0,1] s€[0,1) 
V3 (6) uMeem 
max | e? — ail i a ||< 
< pay x |W (xo (2), A] - Anan. x Ax (t) | + |ly|l. (13) 


Toncrapaa (12) 8 im NomwyuHM 


max | e alt (9 | a (14) 
_ rie 
) hens pai |W, (xo (d), t) | - bee ie s)| 4 1. 
Tlogctapaas, Hakone, (12) u (14) B (2), nomyuum 
Ax] = (46 + max |G(t, s)|)\yl. enh CS, 
: t, sé(0,1] 
V3 (15) BugzHo, 4To 
[P]< QO + max |G (Z, s)/). (16) 
t, sG@[0,1] 


Onuenupasn max |G (f, s)|, HMeem 
t, sE[0,1) 


max |G(t,s)|< 
t,sE[0,1] 


D) 1 vi, 9 yw a, 
ao(-31CG) a) +0 CEC) 
< Me : 2 1 yw’ i/ = <S 
2 a 
| Beech) 
<Me, (17) 
rile 
a8) max WE ya ae 
€[0,1] 
TakuM oOpa3om, 
[TP |< (Me + 44). (18) 
IlpuMenan tTeopemy 1 (2.XVIII) (7) JI.B. Kantoposuya, npousBefem oleHKH 
j 
I 
L. [T (P (x0))] y = |G (¢, s) yo (5) y (s) ds = 
€ te 1 : 
={)+ | + §} GG 9 goyds) << MNe? (1 — 20) hy + 2M Qe*| yi = 
0 € 1—e 


y = [MNe? (1 — 2e) + 2M Qe*] ly]. 
| Ho HIT (P (xa))] yJ<IT (P (x0) ly]. Cnenonarenpuo, 


|T (P (xo)) | < [MNe® (1 — 2e) + 2M Qe®] = O (e%). (19) 
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3Hecb 


= da dx" (t) 
N= max |i PO Sy 
2 s ee = 
ite & raAWAG) | M(Xe (9.0). 
2. OP” (x) |< TIP" (x) |< (Me +18) ee | Pus (x, A] = 
= K (Me a8), (20) 
rae K = max |Wys(x (0), t)[ (x € Qo). 


té{o,1] 
3. LP’ (x0) — I] =| UP’ (x0) — P’ (x1 || =I PP" (x) dx||< 


<K (Me +26) | x0 — «|< KS (Me + 0). (21) 
YcNOBUA paspelluMMocTH KpaeBot sayaun (1) npeycTaBaTca B dopMe 


7, _. 2MQKe® (Me + A8) i 
[[pu JocTaTouHo MaJioM A (Mo a6couOTHOH BeEM4YHHe) YCIOBHA pas peliMMocTu 

(22) BbIMOJHAIOTCA. | 
Pemienue KpaeBpoH 3amaun (1) x" (¢) cyulecTByeT pH 


Saye 0 (e2) 
ey i 1 — K6 (Me + 10) 
H e@HHHCTBEHHO T1pH | 
oF Le O (e2) 
i 1— K6(Me +40) 


{IpH 9TOM OWe€HKa CXOMMMOCTH MepBoOHauabHOrTO MpHONMKeHHA Xo (t) K 
TOUHOMY pelieHuio x” (¢) cormacHo Teopeme | (2.XVIII) (*) JI. B. Kantoposuya 
Over 


we 4MQe* 
lx" — xo] < app eciey = 0): (23) 

Ho orcioja clelyeT, 4To mpH & — O pemlenHe KpaeBoli 3amaun (1) x (2) 
Ha BHYTpeHHeM oTpe3ke [e, | — s] paBHoMepHO Cxo_uTCA K pewleHHio x* (Zt) 
BbIPOKMeHHOrO ypaBHeHun YW (x (Z), t) = 0 co cKopocTbio O (87). 

Jlerko BHeTb, YTO yKa3aHHbIM MeTOJOM MOXKHO HalTH mpHOmMKeHHOe 
pemenve KpaeBbIxX 3afay Ja ypaBHenua ey” = f (x, y, y’) M WaTb COOTBeT- 
CTBYIOWMEe OILeCHKH. 

AxBTop BbIpaxkaeT IpH3HatebHocTb C. H. Cayruny 3a WeHHbIe CoBeTHI pH 
HamucaHHH JaHHOH 3aMeTKH. | 


TlocrynHu1o0 
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MATEMATHKA 


O. A. OJIEAHHK 


O KBA3HJIMHEHHbIX NAPABOJIMYECKHX YPABHEHHSAX 
CO MHOrUMH HESABHCHMbIMH NEPEMEHHbIMY 


(ITpedcmaszeno axademuxom H. I. Memposcxum 14 XII 1960) 


HxKe Mbl ipHBeyeM JoKa3aTebCTBO CyleCTBOBaHHA H €MHCTBEHHOCTH KuIac- 
‘cuyeckoro peilleHua saqaun Kou u mepsoit KpaeBolt 3aqauM JIA ONHOTO Ky1ac- 
ca KBa3WJIMHeHHBIX MapaOosM4uecKUX ypaBHeHHi BTOporo nopsAyKa MW yKaKem 
“mpuOawxKernetit MeTO], HX pellleHHa. Teopempt CYILeCTBOBaHHA pelleHHA STHX 
3anay, MbI NOJIYYHM Ha OCHOBaHHH M3BeCTHOH TeOPeMbl Jleps — Wayzepa (?). 
Tipu BHIBOJe ANPHOPHBIX OLCHOK WIA pelleHHit MBI CylleCTBeHHO HCIO/Ib3yeM 
-paGory Tx. Homa (?) H MeToy OleHKM MaKCHMyMa MO, Jel MpOM3BOAHEIX, mpel- 
JIOKEHHbIA B padoTe (°). 

_ Byyem paccmatpusatb ypaBHenve Bua 
n 
: Sy aay (aul (t, x, u) x) atx, u)— = 0, (1) 


i 


me0<uM(M)< <> jj 00; < Ae (M), ecnu |ja|/=1, aaa Beex x,OCt<T, 
f—1, 

jul< <M; KoodtbunwenTs1 Qjj, @— JocTaTOUHO TiaqKue dyHKuuy; a (t, x, u, p), 
a,j (t,. Mi 11) M UX MpoMsBosHbIe orpanuyenn upu |u|<M (M — amw6oe 4uxcuo0) 
mi pcex 3HaueHHAX p, xUt > 03 aij = Aji, Ay<LC. Oucuanne MOXKHO CYHTATh, 
‘4uto c < 0. 

' 1.3anaua Komn. Bcnoe Q{T >t > 0} uutem orpannueHHoe pe- 
‘enue ypaBHeHua (1), yoBjeTBopaioulee YCJIOBHIO 


i 
| u(0O, x) = u(x), rye | uo (x).|< Mo. (2) 
B jambHeiurem uepes M, (J = 1, 2,...) Mbt OyqeM oOo3HauaTb MouOKU- 

‘TeJIbHbIe MOCTOAHHHIe, 3aBUCHIue TOKO oT c, T, Mo, MakKcCHMyMoB Mojlysiei 

TPOUSBOLHBIX Wo (x), MAKCHMYyMOB Moly Jel (yHKUMH azj, @ WM UX MPOMSBONHBIX 
Opn 0O<t<T, |u| << Mo +A/|c|= Mi, rae A = max|a (f, x, 0, uy) |. 

| ae pA aMpHopHbIX OleHOK Aa pemenua u (ft, x) sagaun (1), (2), 

mpennonaras, YTO U, Ux; Ut, Ux;x, OTPAHM4eHIB Q M YROBMETBOPAIOT YCMO- 

‘Buro Tesmbyepa. 

| | Jliemma l.. Jua ogee, u (t, x) sadauu (1), (2) @ Q eoinoansiomcsa Hepa- 

HCMmbaA 


[u (t, x) |< Mi, |u (¢, x) — uo (x) |< Mol. (3) 


OneHku (3) .ABJIAIOTCA CueACTBHeEM IpHHWuMa MaKCHMyMa. 
) Byzemnpentionarats, uronpu(t, x)C Qujul< Mi ay CC, ,acc*, 
O<a<1u uo (x) CC®. Ucnonp3aya (°), Jerko N0Ka3aTb, TO NpH STHX Mper- 
MoMO%KeHHAX OTHOCHTEIbHO TilalKocTu a;;, a u u(t, x) ypaBHeHHe (1) MoxHO 
WpaxTEl NAdpepeHuHpoBaTb MO x; BHYTPM Q. 

| Jlemma2. B o6aacmu Q{O0<t< Ms,—~ <x < +00} 


|ux,|< Ms, 2ei=1,...,n. ner (4) 
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4 
, 


t 


; 
\ 
‘ 


fla WoKagaTesbcTBa 3TOH JIEMMbI BOCHOb3yeMcA IpHeMoM u3 paOorsi (°). 
B ypasuenuu (1) caenaem 3ameny uw = @ (v), rae p’ > 0 u (9’/’)’ <0. IIpo- | 
qudbbepeHttipyeM TosyyeHHoe ypaBHeHHe M0 Xp, YMHOMKUM ero Ha p, = Ov/OXp | 
4 IipocyMMupyen Mo Bcem k. 13 storo ypaBHeHux ClelyeT, UTO B TOUKe BHYTPeH- 
Hero MaKCHMyMa (yHKUHH O. (x — Xo) p?, THe a. (x) — AocTaTOUHO ralKas | 


bYHKUHA, O- (x) = Onpu | x| > 2e, a, (x) =1 npn |x| < eu p*® = |grad of, | 
BHINQJIHACTCA HepaBeHCTBO 
a-p* [@"/@')’ + Ms|9’P + Ms|9"| + al > — Map’. (9) | 


BriGepem e u Ms Tak, uTo6nt B o6acTH Do {|x — x0] < 28, OS t < Ms} | 
KoleOanue u (t, x), paBHoe max uw (t, x) — minu (¢, x) = Mg, Oblno HaCTONB- | 
KO MaJIbIM, 4TO (YHKUNA 


 (v) = min u — 2Ms + 3eMe = ds (6) | 
Do F . . 


yoBsleTBopseT HepaBeHCTBY 

—("/ 9)’ > Ve + Ms\o’P + Ms|Q”|. (7) 
IIpu takoM BpiGope p (v) u3 HepaBeHcTBa (5) caenyeT, 4To B oOsmacTH Do 
ap? <4M7. OuepugdHo, 2TorO AOCTaTOUHO WIA WoKasatempceTBa (4), TaK Kak | 


xo —w106an TOUKA. 
JIemMa 3. B o6nacmu Ms <t< T 


| ux;| < Msp. : Me (8) 
Tloka3aTenbcTBo STO JIeMMbI IpOBOLHTCA TOYHO TaK Ke, KaK MW JeMMBI 2, 
c y4eTom Toro, uTo mpu O< Ms <t<T BpmouHAeTca HepaBeHcTBo Hama (’) | 


|u (t1, x1) — u (te, x2)|< M1o0| x1 — x2 F + Mu | t1 — te ee (9) | 


0< 6 <1, sapucut TompKo or M,), KoTopoe cipaBesxHBO HW AJA HeEORHO-| 
powHbIxX ypaBHeHHi. B cumy (9) Kayo ToUKy (fo, x0) U3 Q MOKHO NOKPbITb 
napamenenunenqom |x — xo|< Miz, | t — to| < Mis, rae BO3MO*KHA 3aMeHa 
(6) H, CjlefoBaTeIbHO, oWeHKa | w,x,|. 

JlemmMa 4. ITpouseo0nwe ux,, Ux,xj» Ut yOoeremeopsom 6 Q ycaoeuro I’ elb-| 
depa c Koxncmanmamu Teabdepa u nokasamerem, sagucsuumu monroko om My. 

Ouenky | Ux;<; |< Mia Momyaaem c MCMoub30BaHHeM (PyHKUAH G, (x) H Mpe- 
oOpasoBaHuA Ux, =@ (g,) AHANOTHYHO TOMY, KaK NoJIyUeHbI OMe€HKH BTOPBIX) 
TIPOHSBOAHDIX B padore (4) (erp. 508—511). Onuenxa | u;|< Mis cnenyer us (1).| 
DyHKuHH u = o1 (x — x0) lu — wo] uw p® = o1 (x — x0) lux, — Ouo / Oxy) | 
B Napasmenenunene {|x — x0) <4, O<t<T} yaoBneTBopaioT HyJeBLIM 
HauaJIbHbIM H TpaHH4HbIM YCJIOBHAM H YypaBHeHHAM | 


fn nt 
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>») AjjUx,x, = fr, >) oh fe, rae |fil< Mie, | f2}<Maz. 
é,j=1 i,j=1 


Tombsysicb STHMH ypaBHeHHAMH H TeopeMoi | 3 paOoTHI (>), Nomy4yHM, 4TO: 
Ux; HW Ux;x; YAOBMETBOpAIOT ycoBHio Tembyepa. Byfemmpeanosaratb Takxe, 


YTO Uy (x) > 0 npn |x| con a(t, x, 0, 0)=0. . | 
Teopemal. /7pu ykasannoix eouue npeOnoromweHuAX HA Ajj, A, Uo (x) 
cytyecmeyem 6 Q edurncmeennoe pewexue u (t, x) ypaenenusn (1) c ycaoeuem (2), 
NPUMEM U,Ux,, Ut, Ux,x; OCPANU4EHOL 6 Q u yoossemeopstom ycaoeuto Teasdepa. 
ToxasatebcTBo Teopembl | BEITeKaeT H3 TeopembI JIeps — Mlaygepa (*) 
B TIpHMeHeHHH K CeMelHCTBY ypaBHeHHii 
n 
Ou (6) Ou i 
ar = PAC (t, DG ku) a) +a (t, 355 ku, Rux) u +a (Us x, 0, k Ux) = 0, | 
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rye 
OF <1, ax, u, up) uta, x, 0, ti) =a, 


C yCJIoBHeM (2), eC HCNOMb30BaTb NOYYeHHHIe AllpHOpHbIe OMeHKH, He 3aBu- 
calue oT k, pesyibTaTbl paotst (*) u ycuoBue Ha U(x). 

2. Kpaepasa 3afaua. PaccMorpuM ypapnenne (1) B muaMHApe 
D{2x[0, T]}, roe 2 — Hexoropas o6acTb B MpocTpaHcTBe x ¢ rmagKoli rpa- 
Huuel I, O6osHauum T xX [0, T] uepes S. Ilycrb uo (¢, x) — qocTaTouHo riaq- 
Kaa dyHkuua BD, Byfem uckatTb pemenne wu (t, x) ypaBHenua (1) c ycoBHeM 

. Ulors = uo (t, x), rue [uwo|<Ko. (10) 
IIpeanonaraem, uTo 194 wo (t, x) BIMOMHeHO yCNOBHe CormacoBaHHA, T. e. Uo 
YAOBeTBOpAeT ypaBHennio (1) B TouKax [, YcTaHoBUM px aNpHOpHbIX OIeHOK 
ana u(t, x). Uepes K; (f= 1,2,...) Oynem o6o3HauaTb MoOKUTeMbHBIE 
MOCTOAHHBIe, 3aBUCAlMe OT c, T, OT MAKCHMYMOB MOsyseli uo (t, x) H ee Mpo- 
-H3BOJHBIX, Q;;, @ M UX Mpow3BoAHBIX BD pu |u|< Ko +A/|c|=Ki, a Takxe 
oT ruagKoctu I. 
— Jdlemmasd, Jana pewenua u (t, x) sadauu (1), (10) 6 D cnpasedausei 
| OUeHKU 
‘\ [u(t, x)|< Ki, |u (t, x) — wo (t, x) |< Ket. (11) 


Ha epaxuye S yuaundpa D | ux,|< Ks. Bo ecex mouxax D 


| Ju (t, x) — wo (t, )| < Kap (t, »), (12) 
ede p (t, x) — paccmosnue mouxu (t, x) Oo S. 
Ouenku (11) cnegzyioT 13 NpuHnuna MakcumMyMa. OueHka |u,,| Ha S u (12) 
" MOYYeHEI IpHeMoM, OM3KHM K ToMy, KOTOpbIii ucomb30BaH B 1. 5 padorst (’). 
JlemMma 6. I[Iycme 01 (t, x) — paccmosaue (t, x) do S +. B o6nacmu 
pi (t, x) Q Ks 
. | Ux,|< Ke, | Ux, 2;) Ko, [uz|< Kg. (13) 
_ Oneuka (13) a9 | ux,| nOKasbIBaeTCA TOUHO TAK %Ke, Kak uM JIeMMa 2, c yue- 
ToM (12) u (11). Onenxa | u,, x;| Ha S MoxkeT ObITb MoJly4eHa AHAOrM4HO TOMY, 
Kak JlokKa3ana JiemMa B paOote (*). Iloub3yacb 9THM pe3yJIbTaTOM, OMeHKy MIs 
(| Ux; x;| MPH pir < Ks Monyyum Tak xe, KaK MB seMMe 4, 
_  Ilpogomxum hynKunno u (¢, x) aia Beex x uO Ct ST Tak, uToOnl u, Ux; , 
| Ut, Ux;x, MO MOXyIi0 He MpeBocxosuMM HeKOTOpOH MocTosHHOH Ay. Tlonyuen- 
‘Hax cbyHkuna w(t, x) yoBleTBopsxeT B Q ypaBHeHHi0 


x f 


0 Ou Ol 
>, x, ( Gilt *, U) Se) — aE = Wey 


fe i, j=1 
rye | fs|<Kio. Ucnomp3ya teopemy Jk. Hama (?), Momy4uM, ITO B WHIMHApeD 
[ w (1, x1) — u (te, x2)|< Kis| x1 — x2 [* + Kul (4 — &2) |. (14) 


& 
Ucnonbsys (14) u pesyaptart pa6orni (°), ycTaHoBUM, KaK M Jt peuleHua 3a- 
fawn Kom, 4Toux,, Ux;x,, Ue Orpanuuenbi B D uM yAoBMeTBOpsIOT yC/OBMI0 
Tenpyepa c MokasaTeswem u MocTrosHHbiMu Teiblepa, 3aBHCAUIMMM TOJIbKO OT 
‘K;. (lpu 9Tom MbI npeqmomaraeM, 4To wo CC® BD, a;; CO C8+* , aC C2+* ~npa 
ju|< Ki, O< a <1, arpanuna I sagana byHKUMAME OT JOKaJIbHbIX KOopyu- 
“-HaT 43 Katacca C°, 
Teopema 2. JT/pu ykasannex npednonoweHunx OMHOCUMeNbHO Aj;, A, 
uo (t, x) u VT cywecmeyem @ D eduncmeennoe pewuenue u (t, x) Kpaesot 3ada4u 
(1), (10), npusem ux, , uz, Ux; x; yoosremsopsrom ycaoeuro Teavdepa é D. 
| JqokasatenbcTBo 93TOli TeopeMbl MpoBOJHTCA TOUHO TaK %Ke, KaK MH Teope- 
Mp 1, Ha OCHOBAHMH yKa3aHHBIX BBIe alpHopHbIX ONeHOK pelllenuA saqaun 
(1), (10). 
: 
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3. Ilpu6auxeHHOe pemenHne 3angaun Komn (1), (2) 
HM Kpaepok sagxaun (1), (10). O606meHHHEe pemeHHa 
39 TUX 3aja4u. PaccmorpuM 3agayy (1), (2). Ilycth wo (x) orpanwuena u cyM- 
MupyeMa c KBagpaToM B Ki — co << x < + oo}. IlpuOmKeHHoe pemenue 
u, (t, x), O< t <1, 3anaun (1), (2) MocTpouM Kak pelieHHe WMHeMHOrO ypaB- 
HeHHA 


a >i Fe (aa lt uli —% x)) $4) 4 


esi i 
att, x, u (Et, x), e(t — an)) eee 0 ta ee) ee 
C yCJOBHeM 

tt w=Npe (SY) SI PH aa Ee eens (16): 


re Uy: — TulaKkue (yHKWUMH, paBHOMepHo orpaHHyeHHble B R MO T, UH toe > 
— uo (x) B £2(R) upu t > 0. Pemenna u, (¢, x) paBHOMepHO orpaHH4eHbI B 
QB cuuy IpHHuuna MakcuMyMma. HopMpl wu. u Ou-/Ox;B £2(Q)u uz B La (R) 
pH 060m ¢ TakxKe orpaHHyueHbi No t. Ha ocHopaHun Teopempr Jbx. Hama (?) 
Ce€MeHCTBO W, PaBHOCTeMeHHO HellpepbiBHO pH T >t > to > O. Jlerko NokKa- 
3aTb, uTo dynKuna uw (tf, x) = lim u, npn t > O aBaaetca O6oOOmleHHEIM pelte- | 
Huem sanauu (1), (2) B caeqyrouem cmurcuie: 1) uw (¢, x) orpaHv4eHa B Q H MMeeT 
OOoOOULeHHbIe MpoOusBOAHbIe Ux, U3 L2(Q); 2) u (¢, x) yMoBMeTBOpseT ycJO- | 
Buro Tembyepa upu ¢ >to > 0 mp ato6om fo; 3) Ana sm060ro fo BEIMOMHAeTCA | 
HHTerpasIbHoOe TOKJECTBO 


5 ee Then) Ajjlx, Fx, aF Jax ae aE \ F (to, x) u (to, x) dx = 0 


Tt i,j=1 poats 


Win m000H riaqkoH duHNTHOK dyuKunnH F (t, x); 4) u (¢, x) cxogquTca B Cpez- 
HeM K uo (x) upuH t— 0. 

Teopema 3. O6o06wexHoe petuenue u (t, x) sadauu (1), (2) cyusecmeyem, 
eCOUHCMBEHHO UW ABAKeMCA NpedeAom pelleHutt U. AUHeHoLX ypabHenutt (15) c 
ycaosuem (16). 

EjuucTsenHoctb oOoOuleHHoro pellieHua u (t, x) MoKa3bIBaeTCA MeToJOM, 
OIH3KHM K Metony ToubMrpeHa, C HCHOJb30BaHHeM pe3yJIbTaTOB pa6oTH (°). 

Jlerko oKa3aTb, YTO ecIH to (x)C £2 (R), To KNaccnyecKoe pellieHHe 3a- 
jauu (1), (2), MocrpoeHHoe B TeopeMe |, aABJaeTCA TakxKe OOOOULEHHEIM: pele- 
HHeM STO saqaun. AnasIOrH4HO MOXKHO ONpesenuTb OOOOMLeHHOe pellieHne kK pae- 
BoH 3ajauu (1), (10) uw qoka3aTb ero CyllecTBOBaHHe HW @IHHCTBEHHOCTDb. 

3aMeTHM, YTO TOUHO TaK Ke, KaK OKa3aHbl TeopeMbI | u 2, MoryT OLITb pe- 
WeHbI 3sayqaua Kom uv KpaeBad 3afaua B Clyyae, Kora a,j = az (t, x, U, Ux) 
IIpH HeKOTOPBIX OFPpaHHYeHHAX HA 3aBHCHMOCTb Q;j OT Ux, a TakKKe Kpae- 
BhIe 3aauv JIA COOTBETCTBYIOINMX KBa3HJIMHeHHbIX ypaBHeHHH 9JIMNTHIe- 
ckoro Tuma. 


Tlocrynuuio 
13 XII 1960 


IMTMPOBAHHAA: JIMTEPATYPA 


1K. Jlepos, lO. Wlayaep, YMH, 1, 5s. 3—4 (13—14), 71. (1946). ?#J. Nash, 
Am. J. Math., 80, Ne 4, 931 (1958); C6opxH. mep. Maremaruxa, 4, 1, 381 (1960). 
3O.A. Onetiuux, T. J]. Beutuedas, a) JAH, 97, No 4, 605 (1954); 6) Matem. c6opu., 
41 (83), No 1, 105 (1957). # T. 1. Beutueab, Matem. c6opu., 41 (83), Ne 4, 499.(1957). 
5A. Friedman, J. Math. and Mech., 9, Ne 4, 539 (1960)..,.° A, Fried m ana 
J. Math. and Mech., 7, Ne 5, 771 (1958). 
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Aloxaagn Akanemunw nayx CCCP 
1961. Tom 138, Ne 1 


MATEMATHKA 
B. Ml. MAHEAX 


O HEKOTOPBIX TEOPEMAX THITA MAJIEA — BAHEPA 


Tpu W3y4eHHH pa3JIMUHBIX BOMNPOCOB, CBAZAHHBIX Cc ucpepenmMasbHbIML 
ollepaTopaMu Cc NocTOAHHBIMH KospUNNeHTAaMU, OOBIMHaH MeTOAMKAa COCTOHT 

MpuMeHeHuH MpeoOpasoBanua Wypbe uM paccMOTPeHHH CoOTBeTCTBYIO- 
“WMX olepaTopoB B ABOlCTBeHHOM HpocTpaHcTBe. OnHHuM u3 HaHOoee 4aCTO 
BCTPeYalolMXCA B MPHMOXKeHHAX MPOCTpaHCTB 9TOFO THNAa sABAAeTCA MpocTpaH- 
ferso # wenblx anammTuueckux pynKunii wu (€) = u (E1,..., &,) MepBoro mo- 
‘paKa pocta (@uKCHpoBaHHoro TuMa, KBalpaTH4HO cyMMupyemprx B BelULeCTBeH- 
HOH oOsacTtu. Ecnu R, — elicrBuTetbHoe MpocTpaHcTBo TepeMeHHbIX Gs 
Pci, 2am, c,) 1 A _R, — Epansior Hoe MHOXECTBO NOJOKUTEbHOH MepH, 


T0 Bbipakenue |u|, = () Wersee) ie dg)" olpelesseT B MpoctpaucTBe Hf Hop- 


\ 

, 5 

(IT pedcmaeaexo axademuxom A. H. Koamozopostim 17 XII 1960) 
; 

B 


\ 
f(> i/ 

By Gomee ca6yio, 4eM peal) Hopma |u| = -(\ | uw (&) Pde)" 

4 Rn 

_ 8B wacToslleid saMeTKe ycTaHaBJIMBaeTCA HeKOTOpbIli Kacc MHOKeCTB AM, 

“ONpesessolluX B YKa3aHHOM BBIMe CMbICe ToNoJorH1 MpoctpauctBa Ff, 

“SKBUBAaJIeHTHY!O OOLMMHOH ToMOJIOrHH rudbOepToBa MpocrpancTsa. Tlomyuen- 

a pesyJIbTaTbI ECTECTBEHHBIM oOpa30M oOoOulaloTCaA Ha 3HaYHTeIbHO Gomee 

WMpoKM Klacc ABOMCTBeEHHIX IpocTpaHCTB, OAHAKO MbI He ocTa HaBJIMBaeM- 

A 3]eCb Ha 9THX OOOOMLeEHNAX. 

- OcHoBHEe OG6o0o3HANe HHS. Mbt GyeM oOOo3HadaTb Yepes 2 

orpaHuueHHyio oOsacTb B Ipocrpaucrge R” * uw uepes H (Q) — copokymHocTs 

BCeX KBapaTHYHO CyYMMHpyeMEIX B  *yHKHH w (x). II peo6pasonanna Dy pbe 

Byki u (x) € H (Q) cocrapnaiot mpocrpauctBo Jf, T. e. u(&)E€H Torna 

HM TOMbKO Torma, Kora 


f (8) = (55) | u (a) ede, u(x) EH (Q). (1) 
i Q 

i . TipoctpanctBe $f ToMmouoruA 3afaeTcA eCTeCTBeEHHBIM OOpasomM: 

| l@@l=(\ 14 @P ak )”. 2) 


n 
Hepes E OyeT o603HauaTECA EMHMUHAN Ccbepa B IipocTpauctTBe Hf. Ecun 4 — 
akoe-IH60 MHOxKecTBO B R,, To 1 (.4) — Mepa STOrO MHOXKECTBA. 

1. Kak ykKa3pIBasiocb BBIIe, 11000e MHOKeCTBO MCR, NONOKUTeIbHOK Mepbi 
OSBOJIAET ONPeACIHTb CielHabHy!0 HOPMy B MpocTpaHcTBe Af, HMeHHO: 


| 14 @le=(\ 1a @Pae )”. 3) 
M 

Hac 6yyT HHTepecoBaTb TaKkHe MHOxKecTBA ff, [WIA KOTOPBIX 

i WO Se (Mle ®l, CM = const >0, (4) 


* Kak o6ptuHo, R™. o603HauaeT n-MepHOe MIpOCTpaHCTBO JeHCTBHTeIBHBIX TepeMeHHBIX 
= 1 A 
= (xt hei, %). 


AT 


[lyetb M = Ra\.#H. OveBuHO, yTo (4) BbIMOMHACTCA B TOM H TOJIbBKO BTOM CJly- 
qae, Korya cymlecrByeT KoHcTaHTa 0 < 6 < | Takas, 4TO 


2 (EV lop <8 (BI (5) 


apH Bcex wu (&)€4. Tounyio HwKHIOIO Tpanuny TakHx 6 o603HayHM 4Yepes 
y (M). Jlerko BufetTb, 4TO 


y (8) = sup (| 1a (8) fae) (6) 
wm 


Onpegxeaeuue. Muoxecrso MCR, HasbiBaeTca ON Pee I A 10- 


ULHM, eciH y (M) < 1. 
Teope Ma 1. JJw60e mnoocecmeo MN — Ry KOHeLHOU mepbl ABAREMCA ONpe- 


Oe ASOUUM. 
Jokxa3sateabetso. JloKaxkemM BHavyale TeopeMy JIA orpaHHuen- 


HOrO MHoxecTBa IM. Ilyctb M = RzA\M. [1 peynonox*KuM, TO TeopeMa HeBepHa. 
a A 

Torga cyulectByeT oceqopatembHocTh {uw (§)}°EE takas,4To |u (6)|, — 0 
n n 

pH n — oo, 3aMeTHM Telepb, 4TO eMHMUHaA cepa E B cuny Teopembl Mou- 

Ted KOMMNAaKTHA B poctpancTBe D aHasMTHYeCKHX PYHKUMM OTHOCHTeIbHO 

TOMONOrHH 3TOTO MpocrpauctBa. TlostoMy u3 MocmeqoBatembuocTu {u (&)}> 
n 


MOXKHO BbUICAUTb MOANOCAeOBATeMbHOCTh aHAMUTMYeCKUX syHKuHH { wu (£)}e—1, 
nr 


CXOAAULYIOCH PaBHOMepHO Ha KaxKJIOM KoMmakte. M3 Toro, 4ToO | w (2) (Oe 
nm 


a 
cllelyeT, TO WoCie_oBaTembHocTh {wu (—)}{ paBHOMepHO CXOJHTCA K HyJII0 
mh 
B OOaCTH M@K]Ly WapoM, 3aKJIOYaIOWIHM MHOxecTBO M@, H OdJIbWIMM WapoM, 
HO Tora, B CHJly IpHHUMNa MaKCHMyMa, OHA paBHOMepHo CXoOfMTCA K OH Ha 
MHowxecTBe M@. C Apyrolt cropousl, || wv (§)|,, — 1 mpu k — co. Ilporupopeyne 
np 
AoKasblpaeT TeopeMy. | 
Ils Tepexoya K Cly4aio HeorpaHHueHHoro MHOxecTBa IW BOCTATOUHO BoCc- 
(10JIb3OBaTbCA JIEMMOH, KOTOPas HW CaMa OKa3bIBaeTCA BaxKHOH B MpPHJIOKeHHAX. 
JTem™Ma 1. Ecau 4ACRn — npouseorenoe mHooxecmeo KOHe4HO Mepbl, mo 


y (A) Se (4) v (Q). 


3aKOHUEM Tellepb JOKa3aTebCTBO TeopeMyl 1. Ilycrb MHoxKecTBO M Heorpa- 
HHYeHHO, HO jt (M) < oo. Ec TeopeMa HeBepHa, To cylllecTByeT NoceoBa- 


T@IbHOCTh (yHKUMM {uw (§)}°@ E vTakaa, 4To Ip n — oo | uw (5) In = 1 
n n 


Pas0ObeM MHOXKeCTBO M Ha ABE yacTH M—=—M: |_| Me Tak, YTOOHI ps (M2) <1/p (Q), 
a M1 JlexKaIO B HeKOTOPpOM Kpyre. Torga 43. MocaeqopatembHocTH {u (§)} 
a 


A A | 
MOKHO BBICIMTb Taky!O MOMMOcMefOBaTebHOCTh {uu (E)}, 4TO || uw () Mee 0 ae 
n’ a’ 


CJleMOBaTeIbHO, || w (E) pee QTO, OfHaKO, MpOTHBOpeyHT TOMy, UTO, CO- 
n’ 


racHo JeMMe 1, 7 (My) <1. Tem cambim oKa3aTembcTBO Teopemb! | 3aBep- | 
IMHO IOJIHOCTHIO. 

Teopema 2. B npocmpancmee R, onpedenstouum sieanemca ato6oe 
mnoncecméeo M euda M = Ra X B, ede P—onpedenatowee muoowecmeo na 
npsamou. 

oka3aTeJIbCTBO TEOpeMbI HeMeVJIEHHO CulefyeT u3 Teopemp! 1. IlycTb, Hanpu- 
Mep, # — ompejemsioujee MHomecTBO Ha ocH &. IlycTb w(E,, §&’) € H#, rae 
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} 
§’ = (&s,...,§,). Torgqa mpu d@ukcupoBanHoM 3Hayenuu &’ cormacno Teopeme 1, 


Jian B) Pa <7) (WEB) Pde, 1e)<I, (7) 
B Ri 


M OCTaeTCA 3aMeTHTb, 4TO, NockomBKy H9u(E,, &’) mpH (bHKCHpoBaHHoM &’ 
€CTb CHOBa MpeoOpasoBanue Mypbe KBalpaTHUHO HHTerpupyeMol B orpaHu- 
YeHHOH OOlacTH dyHKUMH, BeTH4HHa ¥ (§’) oT &’ He saBucuT, T.e. y (&’)=y<l. 
Vuterpupys (7) mo &’, Haxoqum 


Vee Pag <r | [ap ae. (8) 
Me Rn 
TeM caMbIM yTBepxKeHHe TeopeMbl JoKa3aHo. 

2. B mpeqpiyuleM MyHKTe MbI BBerH cbyHKuMIO y(M), OMpemeneHHy1o Ha 
COBOKYIMHOCTH BCe€X H3MepHMbIX MHOxecTB MC R,. CBokcTBa sToH PyHKUHH, 
BooOle TOBOpA, 3aBHcAT oT OGmacTH QC R”. TpegnonoKuM BHayame, 4TO 
Q — map c ieHTpoM B HaYate KoopyuHat. Ilycth 9%, — MHOxKeCTBO BCeX 
-M3MepHMbIX MHOxeCcTB MC Rn, Aa Bp C We — COBOKYMHOCTb H3MEPHMBbIX MHO- 
%KecTB KOHeuHOH Mepbl. IlycTh U,— rpynna yHHTapHbIX MpeoOpasoBaHHlt mpo- 
cTpauctBa R,. 

- JlemmMma2. [Tpocmpancmeo $6 uxeapuanmno omnocumenrono npeobpasoea- 
Hutt u EU, u cdeuzoe. 

BaejemMB &, OTHOMeHHe NOPALKa, CYMTAH, 4TO M, > My, ecu Halifetca 
Takoe #€U,, To mocme HekOTOporo crBura uM, C My wu pw (M) << v (M,). 
C MOMOUbio JeMMbI 2 MoxeT ObITb JOKa3aHa TeopeMa: 

TeopeMa 3. Ha mxooecmee B, DynKyua y (M) Aeasemca cmpozo 
MOHOMOHHOU, Mm. €. UZ M1 > M, caedyem y (M,) > y (Mz). 

3aMeTHM, 4TO AIA MPOH3BOJIbHBIX MHOKeCTB H3 Y, TeopeMa 3 yxe He- 
‘Bepua. Ecau, nampumep, Il, = {€: 0< §; < 0, |& |< 1}, Ih ={§: ln Ei<m, 
\€2.|<. 1}, To merko mposeputb, 3To y(Il,) = y(l.), xora Il, DT, u 
uv (II, \ TI.) > 0. Tem He MeHee TeopeMa 3 MoxeT ObITb pactipocTpaHeHa Ha He- 
-KOTOpbIii KJlIacc MHO*KecTB OecKOHeYHOH Mepbl. 

» Teopema 4. Ecau ®,= N, X Rp, @ M,=Ne X Rp, P<Cn, npusem 
N, u NzCBn—p U Ny >No, mo y (M1) > y (M2). 

B calyyae Mpou3BObHOH OOacTu 2 MpoctpaHcTBo Hf yxKe He ABJIAeCTCA MH- 
‘BapHaHTHbIM OTHOCHTeJIbHO BCeX peoOpasoBaHHit uEll,, a MOTOMY TeOpeMBI 
3 44 BepHbl JMUIb Tora, Kora OTHOMIeHHE NopAyKa B &, BBOAUTCA C MOMOLLbIO 
‘TOXKeCTBeHHOrO MpeoOpasopaHHaA. Eciu M, WH SM, — MHO*KeCTBaA OHO! 
M TOW 2Ke Mepbl, TO, Boome roBopsA, y (M,) - y (Mz). OMHaKo cipaBewIHBa Cule- 
‘dyroujaa Teopema: 
~ Teopema 5. IJIycme {Ma} —npoussorbneitl Habop mHooKecme Cb (Ma)< 
<p =const, Quamempor Komopux dz oepanudenot oOnUM 4uucAom d. Toeda cytue- 
‘cmeyem makoe uucho hK< 1, umo npu ecexa Y (Ma) < d. 
| SHayHTeIbHBI MHTepec MpelcTaBaeT (OpMy.MpoBaHHe KpHTepHsA, 103Bo- 
JATOlLero HAXOJMTb BCe ON pee AIoulHe MHOKecTBAa. HwxKe MbI IIpHBeeM yCIOBHe, 


Heo6OxouMoe Aaa Toro, uToObl BbINOIHANOCh y (M) <1. Ilyctp 
SM — npousBouIbHoe H3MepHMoe MHOxKeCTBO B R,. OOosHatHM Yepes Rx cchepy 
‘panuyca ” c weHTpom B Touke a. Ilycrs Takxe wz’ (M) =p (M)L2) 
N 
HM Py, i) te , Tye C, — o6beM eguHHUHOrO Wapa B R,. 
: n 

Onpenzeneunune. Uncno 


B(M) = lim up Pay, (%, WM’) 


N-oo a 
(OyeM Ha3bIBaTb ACHMITTOTHUeECKON NMOTHOCTHW MHORKECTBA M. 
| Hetpyayo Bugets, ito O<P(M) <1, upnyuem B(R,) = 1, u, ecru M— 
OrpaHnuyenHoe MHoxecTBO, TO f (IN) = 0. MuoxecTBo YepHbIX KJeTOK OeCKO- 
‘4 JVAH, tT. 138, Ne 4 49 


HeuHOoll WaXxMaTHOl MocKH HMeeT aACMMIITOTHYeCKY!O IWIOTHOCTb, paBHyt0 1/9. 
Boo6me, MoKHO MoKa3aTb, YTO AIA sOG0ro Yucna O<v< | cymlecTByeT MHO- 
*KecTBo NW, cB (A,) = Vv. 

Teopema 6. Ecau acumnmomuueckan naomHocme mxoscecmea M 
6 (Mm) = 1, mo y(M) = 1. 

Bompoc 0 JocTaTOuHOCTH MpHBeeHHOrO yCJIOBMA OCTAe€TCA OTKPBITHIM. 

3. B npuoxkenusax OKa3bIBaeTCA BaXKHbIM BOIMPOC 06 9KBUBAJICHTHOCTH HOpM, 
MOpOx*KaeMbIX IByMA MHoxwKecTBamMn Mu WV. MoxwKHO NoKa3zaTb, YTO ecru MC 
CW — oepanuuennoe mnoocecmea u (M)<p(%), mo Hopmet | - la u ||- ly 


He akeueanenmunel. TlosTOMy OCcOGbIi HHTepec MpeLkcTaBseT celyioulaA Teo- 
pema: 

Teopema 7. /Tycme Ii —noaoca 6 npocmpancmee Ro, a MC I —mnooe- 
cmeo KoHednol mepet. Toeda, ecau o6osHa1ume St =I1\ M, mo nopmer | - |, 


u |- lame OKA3016QHONCA IKCUCBANEHMHbIMU, M. e. Cyiwecmeyem KONCMaKma Cc makaz, 
umo npu ecex u(—s)EH 


Ll ap <b Seley. (9) 

JloKa3aTeJIbCTBO 9TOH TEOPeMbI He TpeOyeT HOBLIX Hel MO CpaBHeHHIO Cc q0- 
Ka3aTeJIbcTBaMH TeopemM 1—d. | 
Ecau I] duxcuposano, To nocTosnHas c B (9) 3aBHCHT OT MHOxKecTBAa SM 

¥ BooOmle roBops, pacTeT c pocToM u(.). MoxuHo, OHaKO, MOKa3aTb, 4TO ecsIn| 
k uw m— mo6pie ((puKcupoBanuble) uncna u M&M, CI] —npoussompupiit na6op) 
MHOKECTB, KaXK0€ H3 KOTOPbIX COCTOHT He Goslee 4eM 43 k CBASHBIX TMOJMHO- 
XKeCTB C JHaMeTpOM, MeHDIUHM mm, TO MOCTOAHHbIe Cy B (9) AIA Bcex My 
OrpaHHueHa CBepXy OMHOM KOHCTaHTOM (cp. c Teopemow 5). Gro yTBepxTeHu 
eCTECTBCHHBIM OOpasom oOGoOllaeTCA Ha ciydaH MpocrpancTBa sMoOoro uMcIa 
HU3MepeHHH HW NMO3BOJIAe€T YCTAHOBUTb INMpPOKHM KJlacc OlpeesAIOUlHX MHO 
»KecTB. MmMenHHo, clipaBeluBa: 


— 
Teopema 8. Jlonycmum, umo 6 R, natidemca eexkmop © makoii, um 


> 
ecAKaA NpAMAA, NapaAnenonan ©, nepeceKaem mHootecmeo I ne Oonee wem n 
k ompe3skam C OauHoti <m. Toeda ¥(M)< 1. 

B 3aksioueHve BbIpaxkaio OlarofapHocTb mpod. I. E. [Wunosy 3a uutepe 


WM BHHMaHHe K axHoH padoTe, a Takxe B. 1. Jiuny 3a WeHHbIe 3aMeuaHHA 
cBaA3H Cc TI. 2. 


Mockosckni rocyfapcTBeHHBIM YyHHBepCHTeT Tloetynusio 
uM. M. B. Jlomonocosa 16 XII 1960 


HMTMUPOBAHHAS JIUTEPATYPA 


1Y.M. Tenpgaung, T.E. Iluaos, [pocrpancrsa ocuosnpix 4 O606meHHBIX (py 
uu, M., 1958. 21. Xaamow, Teopua mepp, M., 1953. 
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Jloxnagn Akagemun nayr CCCP 
1961. Tom 138, Ne 1 


MATEMATHKA 


Unen-koppecnonnzent AH CCCP A. B. MOFOPEJIOB 


JKECTKOCTb HE TOMEOMOP®@HbIX ChEPE 3AMKHYTHBIX 
MOBEPXHOCTEM B PHMAHOBOM= TIPOCTPAHCTERE 


Ilyctb nopepxHocTb F B pHMaHOBoM mpocTpaHcTBe R nosBepraeTca Hempe- 
PHIBHOH JesbopMalluu, Nepexof” K MomeHTy ¢ B NoBepxuHoctTb F;. Sta AecbopmanA 
Ha3bIBaeTCA O€CKOHEYHO MaJIbBIM H3rHOaHveM, eCJIH B HavasIbHbIt MoMeHT (¢ =0) 
JJIMHbI KPHBLIX Ha NOBePXHOCTH cTalHoHapbl. C GOecKOHeyHO MaJIbIM H3rH6a- 
HH€M NOBePXHOCTH eCTeCTBeEHHLIM OOPa30M CBH3aHO BeKTOpHOe Nowe 
: Gat) 

Wy Sa dt |t=0’ 


rye x(t) — Touka moBepxHocTu F;, B KoTOpyio npn ecbopmalnu mepexoxUT 
‘Touka X NoBepxHocTu F. Oro BeKTOpHoe Nose HasbIBaeTCA U3PHGalolHM Novem. 

B paG6ote aptopa (1) WOKasaHO, YTO BCAKaA 3aMKHYTAA romeomopdbHas ccpepe 
MOBEPXHOCT C NOJORKUTeEMbHOH BHEWHEM KPHBU3HOH B PHMaHOBOM MpocTpaH- 
CTBe, 3aKpellieHHad B OJHOH TOUKEe BMECTE C IYYKOM HallpaBsIeHHli H3 93TOH TOU- 
KH, ABJIACTCAH XKECTKOH B TOM CMBICJe, YTO BCAKOe ee H3rHOalollee Noe paBHO 
HYJIIO TOK ECTBEHHO. 

B HacTOAeH 3aMeTKe MBI PpaCCMOTPHM BOIPCC 0 KECTKOCTH HE TOMeEOMOP@HEIX 
“cbepe 3aMKHYTHIX MOBepXHOCTelH C NMOMOHKUTEbHOH BHELIHeH KpHBUsHOH. Ta- 
“KHe MIOBEPXHOCTH CYINeCTBYIOT HM JIErKO CTPOATCA B HEOMHOCBASHOM PHM@aHOBOM 
‘TIPOCTpaHcTBe OTPHUATeNbHOH KPHBU3HEI. Hampumep, ecJiM B MpOCTpaHCcTBe eCTb 
“BaMKHYTAA reofesuyecKan, TO TEOMETPUYeCKOe MeCTO TOUeK MpocTpaHcTBa, ya- 
JICHHEIX Ha Masloe paccTOAHHe Pp OT STON reoslesH4¥eCKOH, eCTb romeomopdHan 
‘Topy MOBePXHOCTb C NOMORKUTeEMbHOM BHeMIHel KPpHBUSHO!. 
=, 1.20 p.e M a. Samknymasn eomeomoppHan mopy noeepxHccmb Cc noaoou- 
MeALHOU BHEWNeLL KPUBUBHOLL B PUMAHOBOM Npocmpancmee, SAKpenAeHHAA 6 CO- 
‘Hott mouke, secmKaA, 6 uacmHocmuU He OonycKaem HenpepoleHblx useudanull. 

O6osHauuM F’ JByMepHoe pHMaHOBO MHorooOpa3Hve, MeTpHKa kKoTOporo 
3ajlaeTca Ha NoBepxHocTu F ee BTOpoll KBagpaTH4HOH cbopMon. (Tak Kak BHeUl- 
HAA KpMBusHa F NowOKUTeIbHAa, TO BTOpyio KBalpaTHyHy10 POpMy MOKHO 
{CUUTATh NOJOKUTEMbHO-oNpeszeseHHON.) OToOpasuM MuHoroobpasue F’ KoHopM- 
HO Ha HEKOTOPbI TOp HYJIeBOH KPHBH3HbI — IIpAMOYrOJIbHHK A, C OTOKecT- 
|BJICHHBIMH MPOTHBOMOJIOXKHEIMH CTOPOHAMH (BO3MOXKHOCTh TaKorO OTOOpaxKeHHA 
\WoKa3piBaetca). BBezeM B NuocKocTH NpamMoyrombHuka A, WeKapToBy cucTeMy 
KOOpAMHAT UW, V C OCAMH, MapaJeMbHbIMH CTOPOHaM IIpAMOyro/IbHuKa. Comno- 
(CTaBHM B Ka¥eCTBe KPHBOJIMHEMHbIX KOOPAHHAT TOUKH Ha F JeKapTOBb! KOOpJH- 
HaTbI COOTBETCTBY1ONLeH TOUKH IpsMoyrobuHuKa A,. Tora BTopad KBaypaTuy- 

an (popMa MoBepXHOCTH F puMmer usoTepmnyecknh Bug A (du? + dv*). 


O6o3sHauuM F yHuBepcaibuy!o HaKpbiBaiollyio Nopepxuoctu F. MerpuKa 


MoBepxHocTH F g3ajaerca Toi Ke KBalpaTHuHOH cbopMoli, uro uF BayTpH MpsaMo- 
yroubHuka A, MulocKocTH UW, V, a 3a NpefeTbl STOO MpAMOYFOJIbHUKAa Mposo- 
mKaerTcar nepvonuuecku. VsruGaiomee 1 mosie §, ompefeteHHoe Ha F, Mbl Tak xe 
pactipocrpaHaem Ha noBepxHocTb F. Bpezem B 3 OK peCTHOCTH sean ree iy 
Mosyreogesu4ecky!0 CHCTeMy KOOpAMHAT 0’, U, U°, IIPHHAB 3a JIMHUM U° reone- 
suuecKue, NeprleHuKyJIa pHble F, a 3a mopepxuoctu v® = const — mopepxuHo- 
eTu, 9kBugucTanTuble F. B KauectBe llapaMeTpoB v', uv’, vu? IIpHMeM B3ATOe CO 
3HaKOM paCCTOAHHe TOUKH JO NOBepXHOCTH F (v8) u KoopquHaTbl UW, U OCHOBAHHA 


ye 54 


4 


reowesH4ecKoro MepnenquKyuApa 43 aHHOH TOUKM Ha NoBepxHoctb F (v', v*). 
Ilpu nautem BbIGope MapaMeTpH3allHH MOBepXHOCTH M MpocTpaHcTBa ypaBHe- 
HUA JIA KOBAPHaHTHBIX COCTABIAIOWIHX §, HM § usrMOaioulero Moma § MMeIOT BU 


2 ) 
261 _ 982 _ af, + bee, St + Ft = cbs + de, 


rie a, 6, c, d BbIpamkaioTca Yepes CHMBOVILI Kpuctodeia mopepxuoc™n F, a, 
CNeOBATeMbHO, MpeAcTaBAioT coool MepHoquyecKve (yHKIUMH MepeMeHHbIX 


uv (1). Tlomaran € = & + 18, C= b— i, A= Ys (a +d + ic = 
— ib), B= 4/, (a—d-+ic+ ib), 0/dz = "/2(0/du + id/dv), MoxKHO NpuyaTb 
Hallet CHCTeMe CJleLyrollly10 KOMMaKTHYy!0 (bopMy: 


at/dz = At + Bt. 


Pemienue sToro ypaBHeHuA B Kpyre |z|<(R AonyckaeT NpeyctTaBenne 
C= @ (Z) ert), | 


rye @ — HeKoTOpad aHasIMTHYeCKaA PyHKUAA, 


o@= \\ <&ds, c=—-2(AO+B OR), 
|z|1<R 


a MHTeEPPHpOBaHHe BbINOIHAeTCA MO NoWaqH Kpyra (?). 
Tlyctb g — MOJIOx%KUTeIbHOe YHCO, MeHbiiee eqHHUUbI. Torga, HCMomb3syA 
TlepHoluynHocth dyHkuuu C(t), Mo#wKHO JOKa3aTb, 4TO B kpyre |Z|<qR 


| @(2)|<eg 2], 


rye C, — MOcToAHHad, He 3aBHcaulad oT R. 
Bo3bMeM Tellepb MOcylelOBaTeJIbHOCTb KpyroB Ky: | 2| <n H NOCTpouM MocwJe- 
QOBATEbHOCTh COOTBETCTBYIONWLAX HM PYHKUAH W,(zZ) H ®, (2): 


C (2) = g, (z)e"" 


Tak Kak TocJleqOBaTeIbHOCTh PyHKUMH P, (z2) OrpanwyeHa B OOOH KOHeYHON 


YaCTH IJIOCKOCTH W, VU, TO M3 H€€. MOMKHO BbIJeIMTb CXOLAMLYIOCA MOCMeMOBAaTeJIb- 
Hoctb. Ilpeqenbuaa cbyHKuMA @(z) OyeT aHaNMTHYeCKOH BO BCeH MMOCKOCTH| 
HM pacteT He OpicTpee el?! . 

Ilo ycoBuio TeOpeMbI B HEKOTOPOH ToOUKe Z, PyHKUMA C OOpallaeTca B HY 
(TouKa 3aKpeneHua NMoBepxuHocTu). B cuay mepHoquunoctu pyHkuua € (2) 
oOpallaeTca B HYJIb B y31aX HeKOTOPOH peWleTKH Zmn. B STHX Ke TOUKA 
oOpatlaoTcs B HYJIb PYHKUMH *P,, a CeOBaTeMbHO M NpeseMbHad PyHKUAA |. 
Tak Kak (yHKUHMA @ pacterT He GbicTpee e~!?!, TO OHA, OYAY4N paBHa HYVJIIO B TOY 
KaX Zmn, PaBHAa HYJO TOMKJeCTBeEHHO. CyleqoBaTebHO, paBHa HYJIO Toe 
CTBeHHO HU *yHKuuA C (2). 

TakuM oOpa3om, y u3rHOaromlero Homa & KOMMOHeHTHI §, Hu £ paBHbI HYJIIO. 
Uro KacaeTch TpeTbeH KOMMOHeHTHI £3, TO OHa OOpalllaeTcA B HYJIb BMeCcTe C 
€, uw &, Tak Kak 208,/Ou—I1,&%j—2A&=0 (i,j,2=1,2) (em. ()). Teas 
peMa oKa3auHa. | 

B 3akoueHHe 3aMeTHM, UTO TeopeMa, I10-BHAMMOMY, BepHa JIA NOBeEpXHOCT 
J060ro poka p, IpHyem Bcsyuae p > | 6e3 KakuX-1HO0 ycJIOBN 3akKpenlweHHs. 


@u3nko-TexHnyecKHil UHCTHTYT HH3KHX TemmepaTyp Tocrynuso 
AkagzemHH Hayk YCCP 14 I 1961 
UHMTHPOBAHHASA JIMTEPATYPA 


‘A. B. Tloropeaos, Hekoroppie Bompocbl reomeTpHH B WeJIOM B PHMaHOBOM MpO 
cTpanctBe, XappKkos, 1957. 2% UW. H. Bexya, Matem. cOopH., 31, Ne 2 (1952). 
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Jlokxnxann Akagemuu nayr CCCP 
1961. Tom 138, Ne 4 


MATEMATHKA 
10. B. MPOXOPOB 


O CJIYUAHHbIX MEPAX HA KOMMAKTE, 
(ITpedcmasaeno axademuxom A. H. Koamoeopoesim 1 XII 1960) 


 BBefxenne. HMszectuo, uro nepenecenne mMeToqa XapakTepucTHyecKUx 
(yHKUMH Ha OeCKOHEYHOMEPHbIM Cyualt BCTpeyaeT OoIbUIHe TPyYAHOCTH Hu Npo- 
cTbIe POPMYJIMPOBKH Pe3yJIbTATOB JOBOJIbHO peqKH. IlostTomy 3acyKUBaeT BHH- 
MaHHA KavKbIn Cy4an, re TakOrO posa POpMyJIMPOBKHU MOryT ObITb MOJY4eHHI. 
Huxke paccmaTpuBalotcs pacmpefeeHua B MpocTpaHcTBe Mep Ha KOMMakTe — 
CilyuaH BeCbMa ClellHaJIbHbIH C TOUKH 3peHHA OOMleH TeOpHH, HO MpelcTaBAIO- 
WMH MHTepec C TOUKH 3peHHA BO3MOXKHHIX MpHMeHeHHH. OOo3HaveHHA HM TepMH- 
HOJIOrHA Te Ke, YTO HU B OOBOpe (1). 

- § 1. Ilyets (F, Y) — kommaxtuoe * xaycyopdhoso TomomoruyecKkoe mpo- 


cTpancTtso (EF — MHoxKeCTBO ToueK, GY—ksMaccC OTKPBITbIX MHOKECTB) 
Y —MuHoxecTBO HelipepbiBHEIX Ha E cdbyuKkuni; Jf —Tononorua BY, nopox 
JjaeMaad «paBHOMepHOH» HOpMoi: ||y|| = sup |y(e)|; X — MpocrpancTBo, co 
’ é 


HpsxenHoe K (Y, #). B cooTBeTcTBHH c H3BeCTHOM TeopeMol Pucca, KaxKJbIli 
emeMeHT x €@ X OfMHOSHAYHO IipefcTaBaeTcH B Bue x (y) =| y (e) uw, (de), 


Tye», — o0oOuleHHad OSpoBcKaa Mepa Ha E u Var p, = || x]. 


Hagemum X cua6okh TonomorunenH Js. Torga conpsxeHHbIM- 
K (X,J;) apasnetca camo Y. MoxHo Noka3aTb, YTO NOpoKLeHHaA «HJIMHIpH- 
GeCKUMHY MHOKeCTBAMH 


f AG eee (yan ie 42% (Y))) AR} 

,...,y,€Y, An — n-MepHoe GopenescKoe MHOxecTBO) G-aureOpa L cop- 
lajlaeT c O-anreOpolt %; J s-623poBcKHx MuoxecTB. Kaxkyoe pacnpefemenue P 
ia £& = #; ABNAeTCA MOTHBIM, T. e. WIA M06oro & > 0 cymlecTByeT Takoli 

* * 

tomnakt K,, uTo P (K.) > 1—e, rae P — uufyuNpoBaHHad P BHemHaAa 
fepa. Ilostomy (*) Kaxkjoe pacripenentenue P MoxeT ObITh IpOOJKeHO, H IpHTOM 
JHHCTBEHHBIM OOpasoM, Jo NloTHOTO GOopeAeBCKOTLO pacipesetenua, 
.€. pactipewemeHHa, 3afaHHoro Ha MopomxyeHHoH & o-anreOpe. Ilostomy 
aibHeHWIeM MbI OyjeM paCCMaTPHBATb TOJIbKO IJIOTHbIe OopedieBcKHe pacmpe- 
eneHua. Mx copokymHocTb oOo3HauHM J. Kaxkyoe P€  oHOSsHauHO onpere- 
\meTca cBouM xXapakTepucTH¥YeCKUM PYHKUHOHATOM (x. @.): 


1(y, P) =\eP (dx), yeY. (1) 


PaccMoTpuM ceMelicTBo %* pacnpeyeseHul, CocpesOTOUeHHbIX Ha KoHyce X* 
‘|30TpHWaTebHBIX x. SameTuM, uTo X* J -3aMKHYTO. OTCioJa HeTpyHO BBI- 
*eTH, UTO P* —cna6o 3aMKHyTOe HOAMHOKeCTBO J. 

O6o3HauuM Y* MHoxwKecTBO HeOTpHUaTeIbHEIX y € Y. I]pousBombubi s7e- 
4HT y € Y MOXKHO NpeACTaBHTb B BUJle pa3HOCTH JBYX CTPOro NOJOKUTEMbHBIX 


! mAKUMH y M yy, Mouarad, HalpuMep, 


* B cmbicyie «6HKOMMaKTHOe). 


y¥() = yOQ+l upuye)>0; yf (@)=1 8 apyrux cnyyanx; 2) 
DAG) = SAG) gh iui) (e:) <0; yf(e)=1 B Apyrax cmyuanx- 


Teopema l. Jus moeo «mob PynkyuoHan % (y), paeHollt 6 HYyAe eOUuHU- 
ye, Ova x. Gb. NeKOMopoeo pacnpedeneHua P & P*, HeOOXOOUMOL u Oocmamo4not 
ycaosus: 1) ¥ (y) Heompuyamenbno onpedenen; 2) dan Kaxcdo2eo y* & Y* dbynkyua 
y (zy*), 2 =o + it, ananumu4na npu t > 0, Henpepolena u no modyato He npe- 
BocxodUum eduHuYyol npu tT > 0. 

Toka3zatTeabctTBo. HeoOxoquMocTh BbICKa3aHHbIX YCJIOBHH ou4e- 
BugHa. JloKaxKeM HX MOCTATOUHOCTD. | 

1°. Ilycth y@Y. Tpencrasum y B Bue pasHocTu y* — y}, B COOTBeTCTBUM 
c (2). Dyxxuna x (41, 4) = x (yf + teyt) HeoTpuuaTembHO onpeferena w He- 
TIpepbIBHa B HYJe BUOMb KOOPAMHATHEIX oceH. Ilo memMMe 2 us (*) x (4, f2) ecCTb 
ABYMepHad XapakTepucTHyecKaAd cpyukuua. Ilostomy x (ty) = x (¢,— 2) Hempe- 
pbIBHa Kak (byHKWHA JelicTBuTebHoro apryMeuta ¢ pu M060m y € Y. IIo Teo- 
peme 2 13 (') byHKuHoHar ¥ (y) ABJIAeTCA X. —. HeKOTOPporo Cc 1aG oro pa c- 
mpeweteuua P ua anredpe 4 WHIMHIpHyecKHX MHOXKECTB. 


2°. Tlycts A € A — Takoe WuMMHApw4ecKoe MHomecTBO, ¥TO A () X*= Be . 
Torga P (A) = 0. Jletcrsutenbuo, PyHKUHA pacipenenenua P {x: x (y")<a 
WMeeT XapakTepucTuyecky1o PyHkunio x (ty*) u, B CHy ycloBua 2 TeopeMbl,| 
paBHa HYJII0 Ha OTPHWaTelbHOH omyocu. Takum oOpa3om, | 

P{x: x(y") > 0} = 1. (3) 
Jlonyctum, uto A umeetT Bug A = {x:(x (y1),...,% (y,)) € An}. Ipenctannag 
kakgoe y, B BUe pasHocTH y, = yi, —Yy;,, Mbl MomyauM ! 


A Te {X: (x (yf,) : jj. ? x (yz) € Aan}. 

JIuHeiuble KOMOMHAaNMH SIeMeHTOB Yt ,,...,Y,, OOpa3syioT NosMpoctpan 
cTBo Y1 MpoctpauctBa Y. O6o3HayHM Y2 MHOKeCTBO JIMHEHHBIX KOMOMHALHH 
TeX Ke 3/ICMeHTOB C pallHOHabHbIMH KoaIppuuMenTamu. C MOMOLMIbIO TeEOpeMB! 
Kpelina 0 IpokosKeHUH MOMOKUTeIBHBIX (YHKUMOHAaTOB ((*), cTp. 63) HeTpyz 
HO MOKa3aTb, UTO HAMMeHbIiee WHIMHApHYeCKOe MHOXKECTBO, COMepmKantee X 4 


M olpefelsemMoe No y*,,..-,Y¥, 4, HMeeT BUT 
B= () te xy >20}= [] {x xy) 20 
ye +(\Ys yeY +A) Y> 


Mu, B coorsercrsuu c (3), P(B) =1. Tenepp, us Af(X*=¢@ Burrexaer 
A(\B =¢u P(A) = 0, 47o TpeSoBanoch oKazaTb. | 
3°. IlycTb & — Mpou3BOMbHOe MOMOKUTeMbHOe HCO; Yo (e) — byHKuNA 
TOKIECTBEHHO paBHad elunume. M3 HenpeppiBHocTu ¥, (tyo) KaK PyHKUHH 
BHITeKaeT CYMLeCTBOBaHHe TaKoro uucta A,, 4TO 
P {x: | x (yo) |< A} > L—e. (4 
O603HauuM 
C a= fxr 4'x(yo) | OAL eh Se Xe (Gres Xe Reo A 
Eom A€AUuAl(\K=¢,(ANQO)xX*=¢. No2?P(A(\C)=0u na 
(4) P(A (1) C) <. Takum o6pa3om, a0 m106oro & > 0 cymjectByeT KomnakT J 
TakOH, 4TO H3 A €.A, A()K =¢ soitexaer P (A) <¢, T. e. cma6oe pacnpenel, 
Jlenue P aBaeTCA 11 1O0THBIM UH ToTomy ((), § ‘1 OHO3HA4HO MposomKaey 
Ca B OopeeBcKyio Mepy c xX. @. x (y), MeHKOM CocpegoTodeHnyio Ha X*. Tech 
pema | foka3ana. 
Jina pacnpenenenult P € * Moxwkuo BBecTH, Hapay c X. :., TakxKe anand 
mpeoSpa3sosaHun Jlanmaca: Mpl Momaraem * 


L(y", P) = \ ew P (dx), yt € ¥*. @ 
AG 
* AOcrpakTHoe mpeoOpa3oBaHue Jlamaca uHaye BBeZeHO B (?). 
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Teopema 2. Kascdoe P€#* odnosnauno onpedeasemca ceoum npeob- 
_ pasosaxuem JIanaaca (5). 


Mloxasateapcrtso, Tycm y=y, —yp — TIPOH3BOJIbHbIM 9JIeEMeHT 
PY u Si, Si II POH3BOJIbHbIe Heo} DUNaTelb site 4uucaa. CoBMecTHoe paciipese- 


menue P*’ cnyuaiinsix Benuuun £1 = x(y;) u 2 =x (ys) oHO3Ha4HO OMpe- 
| Reaaetca CBOUM MpeoOpasopannem Jlanuaca 


lo oee) 


BL (Su, 52) = L (sr + says P) = \ | oP (dy xd. 


0 0 


Bilosrony pact peyemenne E=x(y) = x (ys) —x(y2) = &: — Ee omnosHauHo 
_ ollpeslediaeTca m0 L (y*, P). Cnenosatenbuo, x (y, P) = Me, a BMecTe c Tem 
4 P ofHosHauHo onpesensaiotca no L (y*, P), Us TpeOoBaslocb WOKa3aTb. 


§ 2. 7Teopema3. aa cxodumocmut P, => P (Pn €& &*) neobxodumo u 
doc Namo4unKo, 4moObl npu Kagd0om Y 


. 
q | %(Y Pn) > x (y, P). (6) 


)» MokasatTenatpctBo. Heo6GxoAumocrTs (6) ovepusna. 
Moctatouwnocrsh. I[lyctb yo (e), Kak uw Npexkle,— PyHkuNA, TOX- 
“AecTBeHHO paBHad equnune. Torsa IIpH KaxkJloM t,— co < tf <_ ow, 


Walevonten) 1x, (Yo, Py 


CielopateibHO, (PYHKUMH pacipesemenua 


4 Gp (a) = Pn {x: x (yo) <a} (7) 
f CXOAATCA K PYHKUMH paciipeseienua 
x G(a) = P {x: x (yo) < a}. (8) 


¢ ‘Tlostomy Aaa Kaxkgoro ¢ > 0 naligetca Takoe A,, 4TO QWIA KOMMAaKTAa 
( K = {x: x @ X*,|x Yo)| Ad = X*f] fx: fx] Ac 


Mipu peexn P,(K)> 1 — 6. Ilostomy nocnefxoBatembuoctTb {Pp} OTHOCHTeUIb- 
Ho cma6o Kommaxtua. Vs (6) BbiteKaeT, YTO OHA MOXKET UMETb JIMINb OLHY Mpe- 
“lebHY1O TOUKY, YTO TpeOoBamoch oKasaTb. 

N Teopema 4. Ja cxodumocmu P, => P (Pn €P*) neobxodumo u Oocma- 
“Mo4HO, umobel npu Kascdom y* & Y* 


L (y*, Pn) >L (y", P). (9) 


4 
5 
» Jloka3satenabcTtBo. HeoOxofsumocrTs (9) oveBuana, 

* Joctratounocrs. B npexuux odosHaveHHaAx pH KaxKoM s > 0 uMeem 
‘ 

j L (syo, Pn) — L (syo, P). 

E ; 
Orciofa onATb BLITeKaeT CXOMMMOCTS *yHKuN pacmpezetenua (7) kK PyHKUHH 
‘pacnpeemenua (8), 1 MoKa3aTeMbCTBO 3aKaHUMBAeTCA Tak 2Ke, KAK UB Teopemed. 


_ Martematiueckui uncrutyT um. B. A. Crekuosa Tlocrynuio 
» Axkafemun HaykK CCCP 26 IX 1960 


HWMUTMPOBAHHAA JIMTEPATYPA 
Hh? IOeBall poxop os, Proc. 4-th Berkeley Symposium (B neyamu). 7 S.Bochner, 


‘Harmonic Analysis and the Theory of Probability, 1955. °%II. XaxXmo w, Teopua mepn, 
JI, 1953. *M. A. Halimap x, Hopmuposanupie Konbua, 1956. 
: 


| 


Jloxnayn AkaweMum Hayk CCCP 
1961. Tom 138, Ne 4 


MATEMATHKA 


a. B. PYTHUKHA 


OB OJHOM CBOKMCTBE HOPMbI OPJIHUA 
(I]pedcmaeaeno axademuxom B. H. Cmupnoeom 24 XII 1960) 


Ilycth Lj, — HekoTopoe mpocrpanctBo Opsmya dyHKuHi, ollpeyeseHHEIXx 
Ha OfpaHH¥eHHOM 3aMKHYTOM MHOxKecTBe G KOHEYHOMEPHOrO SBKJIHAOBAa Mpo- 
cTpanctsa. Kak noka3am VW. B. TenpMau (*), pH MCCeqoBaHHH HeKOTOPbIxX 
galau MaTeMaTH4ecKol “(PH3HKH yOOHO HCMOb30BaTb MpocTpaHcTBa Opviuya, 
B KOTOPbIX HOpMa oOOJlalaeT CJIeEYIOULHM CBOHCTBOM: 


ae \M [u (x)] dx = 20. (1) 


lull yoo ll It Q 


Jina mpoctpaucts L? (p > 1), aBMOWIMXCA 4YaCTHBIM CAy4aeM MpocTpaHcTB 
Opauya L),, onpewenenuplx dbyukuneli M (uw) =|u|’/p (p > 1), cBoltcrBo (1) 
OY€BHAHBIM O6pa30M BblomHAeTcA. M3BecTHo, ofHaKO, YTO He BCe CBOHCTBa 
mpoctpaucts L? octTaoTca CipaBeLIHBLIMH JIA MpOW3BOJIbHbIX IIpOCTpaHCTB 
Op.auua. TlostToMy BO3HUKaeT BOMpoc O TOM, Ip KaKHX YCJIOBHAX HOpMa Opuin- 
4a B IpoctpaucTBe Li, oOmagaeT cBolicTBom (1). B HacTonmed 3amMeTKe JaeTca 
OTBeT Ha 9TOT BolIpoc. (Bce HCNoOb3yeMble B ITOH 3aMeTKe OllpeeseHuA HU YT- 
BepxK]leHHA H3 OOllel TeopHH MpocTpaHcTsB Opsuya cm. B (*).) 

JlemmMma. JIna mozo 4umo6ol eoinoaHsAocb coomnowenue (1), HeoOxodumo, 
moder npu Kaxdom k > 0 dynkuyua M (u) yooeaemeopsaa ycaoeuto 


M(ku) __ (2) 


lim T=" (u) =o, 


u-—>0o 

2de N™ (u) — dyxkyus, o6pamnaa K @ynkyuu N (v), Oonoanumeaonott K M (u) 
Woka3zsateabertsBo. Jlomycram, uto ycnosve (2) He BbIMOHeEHO 
Torga naligetca Takoe ko > 0, Takasd CTpeMaAlaadcaA K OeCKOHEYHOCTH Mocseo- 


BaTCIbHOCTh 4HCe Up, (n = 1,2,...) H Takoe C > 0, 4TO 
M (Rott) 
aay SE (ni 1 Dey (3) 


PaccMoTpHM MHoxecTBa G, CC G c Mepoli mes G, = 1/u, HU NONOKHM 


Rolln, ecmu x € Gh, 
Gl) ars @, ecuu x € Gp. 


Hcnomb3ya tbopMysy Id HOpMbI XapaKTepucTHYecKO *byHKUAH, MoyyHM 


(intel Dong 


|| Un lm = Rotln mes G,N (aaa) ==) koN = (u,): 


mes G,, 


Tak kak lim N-4 (u) = co, To 
n 


—r0o 


lim | Un || = OC”. 
n-—>co 


56 


C pyro cTopousi, B curly (3), 


a [u,, (x)] dx __ M (Rot,) mes G,, M (Kott,) C 
mic, ] 4p Ig WN), Re (=a VE 


T. €. JIA MoOcTpoeHHoH NocseqoBaTeibHOCTH (byHKUHH u,(x) He BbIMOTHeEHO 


cooTHouleHHe (1). JlemMa JoKa3ana. 
YTBepxXeHHe JIEMMbI MO3BOAeT YKa3aTb TaKHe MpocTpaHctTBa Opauua Ly 


JIA KOTOPEIX CooTHOIeHHe (1) He BbINOIHAeTCH. Takumu ee Mebcupinith 
HallpHMep, OyyT mpoctpauctsa L),, onpefxenenubie N-pyxkuuamu M (u), Jo- 
NOJIHHTeIbHBIMH K N-pyHkuuam N (v), yoBmeTBopsroutuM As3-ycnoBHut1o, Tak 
Kak JIA TAKHX PYHKUAH pH OobUWIMX 3HAYCHHAX UW HM HEKOTOPOM k cnpaBelau- 


Bo HepaBencTso M (ku) < uN (u). 
Sameuaune. IIpu nmpopepke BrIMomHeHHA ycOBuA (2) MoxKHO BMeCTO 


yuxuuu N “1 (u) paccMaTpuBaTb pyHKiHio NV! (uw) — o6patuyto K 11060i byHkK- 


uuu N (v), 9kBuBaneHTHOH N (v). 
— Teopema. J2A mozo umobe umeno mecmo coomnoiwenue (1), Heobxodumo 


u Oocmamo4no, 4mobet cytuecmeosana dynKuuan f (u) (0<u < ce), ydoenemeo- 
pstowjan ycAoe.to 
fim f. (1) =o (4) 


u makan,Ymo npu KQHCOOM VU U 6CeX OOCMAMOYHO OOALWIUX 3HAYEHUAX U 6bINOA- 
HAeMCH. HEPpA6eHCIN6O 
M (uv) > uf (u) M (2). (5) 


MokazsatTeatbcTBo HeEOOXOAUMOCTH. EcaM ycnoBue (5) 
He BbIMOJIHEHO, TO ITO 3HAYHT, 4TO WIA KaxKou dyHKunH f (uv), YHOBMeTBOpsAIO- 
Ie ycoBuio (4), HaHeTCA Takoe Uo HW TaAKAaA MOCMELOBATeIbHOCTb YHCEI Up 0o, 


-4TO 

M (tno) < Unf (un) M (v0). 

B wacTHOCTH, TakHe 4uCla HaligytTca u Aa byHKuunH f (uw) = N71 (u). A ato 3Ha- 
WHT, 4TO He BHINOHeHO yCJIoBHe (2), HeOOXOMMOe JIA BHINOJIHeEHHA COOTHOLIe- 


Hua (1). 

| MokasatenpctTBo ZoctatouwnocryH. Ilyctb BEMOMHeHEI yc- 
‘OBuA Teopempl. JLokaxkeM, pexje Bcero, ¥TO CooTHOIeHMe (1) BEIMOTHAeTCHA 
‘Yaa 060K MocieqoBaTembHOCTH byHKUHH wu, (x) M3 MoxMpoctpanctBa Ey, 
ABJIAIOULErOCA 3AMbIKaHHeM B L>, MHOKeCTBA OrpaHH4eHHbIX PYHKUAH. 


- Uepes |u|, oosHaruM “pers ollpefedeHHylo Avia u (x) €L5, paBeucTBom 
| wk = int R, 


Tye infimum Oepetca no Bcem TakuM k > OQ, JIA KOTOpbIX pas M) = 


= \ M [“ a dx <1. pu stom za pbyuKuni u (x) € Ey cipaBequBo paBexctBo 
G 


bate 
\m lizi | a 


3Ta HOPMa 3KBHBaeHTHa OObIMHOH HOpMe Opviuua: 


elm) S| ella <2] al. 
Tlyctb up (x) GEm (n=1,2,...) uw lim| unl = co. Torgau lim] unl(m) =00. 
Tak Kak noo Hoss 
{M[u, (x)]dx J M [u, (x)] dx 
G G 


? 


l4alu ae I en lhay 


TO MocTaTOYHO WOKA3aTb, ATO 


J M [u, (x)] dx 
in co 
n->0o | Uy, lt) 


llocleqHee CooTHOWeHHe ClekyeT HeMocpexCcTBeHHO U3 HepaBeucTBa (5). Jelicr- 
BHTeIbHO, Ip OombumMx 3HaYeHHAX || Un |) B CHsty (5) 


Up (x) 
(Mu, (dx I 4allany Fla lla) \ ‘ [ bn lm |e 
G G 


=f (|4n lan). 


Dm 


| Un Im) | Un lan) 


Ilyetb Temepb u,Q\ (n = 1,2,...) — Npou3BombHaa MocwJeloBaTedb- 
HOCTb (byHkunH u3 L5, (|| Unllm > co). He orpanwuaupasa oOUlHOCTH, MoxKHO CyUH- 
TaTb, 4TO BCe Uy, (x) € Dy. Tak Kak mo6aa cbyHKuua u3 Ly Haxo_uTca Ha pac- 
CTOAHHM He Coulee eMuHAMbI OT Ey, TO WIA KaxKMOFO Uy (X) MOXKHO YKa3aTb TAKYIO 
(PYHKUWIO Up (x) € Em, 4T0 || tn — Un|m <2. Tipu atom byakunn lin (x) MOX- 
HO BbIOpaTb Tak, UTOOI iia Kaxxoro x € G BEINOMHANOCb HEPaBeEHCTBO | Un (X) |S 
< | un (x) |. Torga 


{ M{u,(x))dx J Mu, (x) dx 
G EG 


 [oglare oe ilanye mes 


? 


TaK Kak |Unlm<||Unlw +2. Us nonyyennoro HepaBencTBa cmeyer COOTHO- 


meHve (1), Tax Kak Ja dyHKUHH u, (x) € Em ono ye JoKa3zaHo. Teopema Jo- 
Ka3aHa. 


Bepa B ycsopuu (5) B Ka¥ecTBe d@yHkunH f (Wu) Te UH HHbIe KOHKpeTHbIe 
(PYHKUMU, MousydaeM pa3JIM4Hble JOCTATOUHLIe YCIOBHA BHINOJHAMOCTH COOTHO- 
meHua (1). Tak, HalpuHMep, Jlerko MWpoBepuTb, 4To <pyHkuwH Mi (u) = 


2a — 1 
= |u|* ((In|w|| + B) (a > l, 6 > agp) Mew =el—lu|—1, Ms(u) = 
= e“” —] yjoBaeTBopa10oT ycsoBuio (5), roe B KavecTBe dyHKunn f (uw) B3ATA 
pyHkuuaA |u|’ mpH HeKoTOpom r > 0. 


BoponexkKCKHH WH2KeHEPHO-CTPOHTeJIbHbIM Ilocrynuso 
HHCTHTYT 20 XII 1960 


WMTMPOBAHHAA JIMTEPATYPA 


11Y.B. Teapmaun, JAH, 120, Ne3, 454 (1958). 27 M.A. Kpacuoceancexkuii, 
AeB. Pytuukuit, Bumyxkane dyHKunu u mpocrpancrsa Opsuua, 1958. 


98 


- 
, 


Woxnagn Akagemun nayrx CCCP 
1961. Tom 138, Ne 1 


MATEMATHKA 
Nl. E. COBOJIEBCKHM 


OB YPABHEHMAX MAPABOJIMYECKOrO THMA B BAHAXOBOM 
MPOCTPAHCTBE C HEOFPAHHYUEHHbIM MEPEMEHHbIM 
ONEPATOPOM, JPOBHAS CTEMEHb KOTOPOFO HMEET 

MNOCTOAHHY!O OBJIACTb OMPEAEJIEHHA * 


(ITpedcmaeaeno axademuxom H.=I. Ilempoecxum 8 XII 1960) 


B sto paOoTe nepenocatca Ha clyuait ypaBHeHuli B GaHaxoBOM IIpOCcTpaH- 
CTBe HeEKOTOpble pe3yJIbTaTbl, Nouyyenupie B (}, *), 
1. PaccmoTpuM 3aqa4y 


er tA @o=0 ego 10) T)),) uy en, (1) 


rae v (t) — ucKoMan dyuHkuua, ompenetenuaa ua [t, 7], co 3HaveHuAMH 
’ B GaHaxosom mpoctpauctBe £; A(t) (0 << t <T) — geltcTByiomul BE muueit- 


HbIM OlepaTop; du/dt — npou3BoqHad, IOHHMaeMad Kak TIpegea To HopMe E co- 


: OTBETCTBYIOMNErO KOHEYHOPA3SHOCTHOTO OTHOIICHHA. 


-—_ or * 


IHyctb mpu Kaxyom ¢ € [0, T] oneparop A (t) umMeer Bcioly naoTHyI0 B E 
oG6NacTb ompenenenun D [A (t)]. Ilycth mpu aw6om A c Red SO onepatop 
-A(é) +A/ umeer orpanuueHubti oOpaTHbiii, HOopMa KOTOporo yJOBseTBOpAeT 
| HepaBeHcTBy 


[tA @® +41 <e Yay +1. (2) 


_Torga (*) ompezenentt ApoSuple cremenu onepatopa A (t). 
IlyeTb p — Kakoe-Hu6yfb 4uucno u3 (0,1), a /—Takoe meloe 4NCcO, 4TO 


» pr = 1 — 1p €(0, pp]. Tyce omepatop A® (4) A~° (t) mpu mo6nrx ¢,.v€ [0, T] 


orpaHuuen, a omepatopA ™ (¢) A” (t) HomyckaeT 3aMbiKaHHe JO orpaHuueHHOoro 


_ omepatopa. Ilyctb 


AMARA ii < Cif ae, (3) 


rae C > 0, ¢ € (0, p] —Kakue-nu6ymb 4ucaa, a tepes A [...] o603Ha¥eH Kax- 
‘(bli u3 orpaHuyeHHbIX omepatopos A°(t)A °(t) —I, A*° (HA °(t) — 
—A™~" (t) A (t)**. B caytaep >1/2 aepesAl...] o6o3HauaeTca BTOpO U3 9TUX 
ollepaTopos. 

Teopema l. Cywecmeyem onepamop-dynkyus U (t,t), onpederennan 


npu ecex ON TKLt<KT, co 3narenusmu 6 npocmpaxvcmeée O2pAHU4eHHOLX AU- 


HelineLx Onepamopos Had E, obaadarowas caedyroujumu ceolicmeamu: 
1) U (t, Tt) paeHomepHo HenpepoieHa no coeoKynHocmu t UT npu Bcex t > T, 


anpu t = 7 Nenpepolena CcuAbHO. 


2) Ut, t) = 1, unpu awbx 0 Kt <s Kt<T cnpacedaueo moscdecmeo 


| Cis (tome) == UF 8) eU. (5,02). (4) 


. | _ * PesyapraTet HacTOAMel padorsl OblIM BO1OxKeHbI Ha CeEMHHAape M0 PyHKIMOHAaJIbHOMy aHa- 


su3y Bopouexckoro rocyfapcrsenHoro yHuBepcuteta B AHBape 1959 r. 


_  ** Uepra cpepxy o3HauaeT 3aMbIKaHHe OmepaTopa B E. 
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3) U (t,t) npu t > Tt paexomepHo u HenpepeleHo Ouddepenuupyema no t, tt 
EAI aia G iit a) =) (5) 


4) 3adaua (1) npu aro6om vo € E umeem eduncmeennoe HenpepbeieHoe npu é6cex 
{>t u nenpepeieHo Ougdpepenuupyemoe npu t > T pewenue 


Ue Ue (ie toon (6) 
Ecau vo€D [A (t)], mo sexmop-qynkyua v.(t) HenpepoieHo Oudpepenyupyeme 


unput =v u yoosremeopsem ypasnenuto (1). IT pu asmom npouseodxaa 6 mouka 
t= 7% noHumaemcaA Kak npaean npouseodHas. 


5) pu aoorx OK t<t<t+At<T u§&€ 10, T] cnpasedauce: oyenku 


| A*() U (t, ) A® (DIC (oo) [t—-t f* OSB Ca<a<1+48); (7) 


|A*(8 [U @ + At, ) — Ut, DIA (| <C@, B, y) AE Jt — Ph 
Osan, 0< 8 iy = een sy oa: (8) 
B nocaeOneti ouenke moocem Ovimo y —a = 1, ecau aubo § = ¢t, auoo B < vy. 


6) Ecau & > p — pi, mo U (t, t) paeHomepxo u nenpepoieno Oudpepenuu- 
pyema no Tnput <t, u 


eet Ce 1 Galt (9) 
T 
Aaa awboix 0< PB <a<o< 1 +e— p+ pi cnpasedauea oyenka 

}A~* © U ©, 1) A*@)[<C (oo) |t— 1 P™. (10) 


7) Onepamop U (t, t) moocHOo npedcmasumb 6 Bude mYyAbMUNAUKAMUBHOZO 
unmeepana, 
2. PaccMoTpHM 3ayauy 


fo AWS =f OO een ere (11) 


Ecau dextop-byukuusa f (t) HetipepbipHa, To 3agayua (11) He Mower uMeTb Oomee 
OJHOrO HelipepbIBHorO pH Bcex ¢ >O H HenpepbiBHO Aud>pepeHuHpyemMoro 
mpH ¢ > 0 pemtenua. 

Teopema 2. IJ]ycmo e6exmop-dynkyua f (t) yooeraemeopsem ycaosuto 


if) —f Ol < Cli? Were OehlaGie0) Oe aces (eee 
Toeda dopmyaa 


t 

v() =U, +) UG DF at (13) 
0 

npu Anmbom vy GE onpedeanem eduncmeéennoe Hnenpepeoinoe npu ecex t >0 u 

HenpepoleHo Ouddepenyupyemoe npu t>O0 pewexnue sadaiu (11). Ecau 

Yo ED [A (0)], mo eexmop-dynkyus v (t) nenpepoieno Ouddbepexyupyema u npu 

t = 0 u ydoeremeopsem ypaeHenuo (11). TTpu amom npouseodxaa 6 mouxe t = 0 

noHumaemcna KaK npabad npouseodHag. 

3. PaccMoTpuM 3aqa4ay 


a+ (¢, v) se if (t, v) (0 aa t << Eos to, € (0, ays U (0) = Uo. (14) 


Teopema 3. JIycmo £1 — Kakoe-nu6yOo OaxKaxoeo npocmpaxcmeo; 
Ex — nodmnooecmeo Ei, seastowweeca makoce OaHKaXxoésblm npocmpaxcmeom. 
[ycmo \\v|p,. <Clo|,, 0aa a60e0 v € Ex. 
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Ilycmb Orn atoboeo makoeo vEEs, wo |u|, <Ra, |\olp, <Ro,20e Ri u 
Re — Kakue-HuobyOo noaoscumenbHole 4ucaa, u amboeo t € [0,7] onpederen 
Oeticmeyrouut @ E aunetineitti onepamop A (t, v) co ecrody naomxHott obaacmobto 
onpedeneHun. ITycmo dan so60e0 AK c ReAS0 onepamop A (t, v) + AI 
umeem oepaxudenHoiti oOOpamnoii u nycmo 


PA) eh CHA ths (15) 
ITycmb Oana Kakoeo-xubydo p€(0, 1), 26ex makux v, wEE2, 4mo 


Wle> lle, < Rt. Welle, |lle,<Re 4 obnx t, +E [0,7] onepamop 


A’ (t, v) A ° (t, w) oepanuuiex, a onepamop A “(t, v) A®™ (t, w) Oonyckaem 
3amblkKaHue OO OepaHudenHoeo onepamopa. Tlycmo 


JA IA @, 0), A(t, DI <C [lt—t]* +]0 —we], (16) 
=e 
a, B — Kakue-HubyOb 4ucaa coomeemcmeeHHo uz [0, p), (1 — p +a, 1). Mycmo 


1 HEEs, |ole, <Rir |olls, < Re Hycmo v,€DWA%, 20e Ao =A (0, w). 
TTycme Kaxdouti anemenm v uz D (A>) npunadnexcum Ei u nycmo 


Ile, SC] Ao 2}. (17) 


2de 11, Vi—Kakue-nudydo 4ucAa coomeemcmeeHHo us (1 —p, 1] 


aii 


ITycmb Oana abux makux v, WEE2, «umo jvi|,, |W), QRe, wu s0box 
me, (tE10,.7 | 


lf) —fF@e|<CcUt—+/"+Jo—o|E), (18) 


2de yn u 6 — Kakue-nubydo 4ucaa us (0, 1). 
i lh yomo E3 u Es — kakue-nudydo Oanaxoeot npocmpancmea. IT Ie Kanooltt 
_ anemenm v us Es npunadaencum E2, u Es u nycmo 


; lol, <CIoF,, Lo” eg 


 20e y — Kakoe-Hu6yds wucao us (0, 1). 
' — lycme Kascdoutt anemenm v us D(A>), 20e & — KaKoe-Hu6ydo 4ucao us [0, Pp), 
npunadaextum Es u nycmo 


lle, <ClAool, (20) 


TIycme Kascdeui aaemenm v us D [A® (t, w)], ede w — abot maxotl anemenm 
us Ex, amo |\wle,<R1, |w\z,<Re, a t — a6oe wucao us (0, T], npunadse- 
acum Es, u nycmo 


lol, <CIA® @ woh (21) 


Hakoney, nycmb Kaocdoe mHoocecméo, O2paNUdeHHOe 6 E3, Komnakmuo 6 Eo. 
 Toeda npu nexomopom to cyuecmeyem no Kpatineti mepe OONO NenpepolieHoe 
npu ecex t >O0 u nenpepoieHo Ouddepentyupyemoe npu t > 90 pewexue v (t) 
Badauu (14). 

Ecau Ex= Ei u y = 6= 1, mo makoe peuenue 6ydem eduxHcmeeHHoLM UL 
moxem Ovlme HatdeHo memodom nocaredogamenbHelx npudAuneHUut. 

4. Tlycrb 2 — orkppiraa KoHedHad OOulaCTb f-MepHOrO MpocTpaHcTBa 
i¢ rpanuueli S. C nomoutbio TeopeMbl 3 MOKa3bIBaeTCA TeOpeMa CYyILeCTBOBAaHHA 
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KJIaCCHYeCKOrO pelleHiaA KpaeBou 3afauH 
a ay ys Ma Biyoo* ) 
aye bah Gay (in (t) 2 v) ae l= lt x, Mas ag DWAR Ox, (O<t<ito, xEQ), 


(22) 
0 
>) an (t, ys 2) ane cos (Ny, yi) +9 (4, ¥, Ju = 0 (0<t< bo, YES); 
Z, kR=1 
v (0, x)= v0 (x) (x EQ) 
6e3 BCHKHX OFpaHHYeHHH Ha pocT HeJMHeHHOCTeH. Specb N, — BeKTOp BHELLI- 


Heli HOpMasIM K TloBepXHocTH S B TOUKe y. 


Bopouexckuli cebCKOxo3siiCTBeEHHBI Tlocrynusto 
HHCTHTYT 7 XII 1960 


UMTHPOBAHHAS JIMTEPATYPA 


fl.E. Co6onencxkunh, JAH, 123, Ne 6 (1958). 211. E. Co6onuescku ih, 
JIAH, 180, Ne2 (1960), °M.A. Kpacnuoceabnekuih, Tl. E. Co6o0mesc ku i, 
JIAH, 129, Ne 3 (1959). ° 
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Jloxnann Akawqemun Hayr CCCP 
1961. Tom 138, Ne 4 
MATEMATHKA 


CY tOH-49H 
ACHMNTOTHKA PEWEHHM HEKOTOPbIX BbIPO)KJAFOWINXCH 
KBA3HJIMHEMHbIX TANEPBOJIMUECKUX YPABHEHHM 
BTOPOrO NOPARKA 


& (I pedcmasnexo axademuxom H. I .&Ilempoecxum 25 XI 1960), 


B HacTosileH 3aMeTKe NOcTpoeHa acCHMMTOTHKa MO MaJIOMy TapaMeTpy & 
Jia peleHui 3ayaun Kom 4 CMeWlaHHOl 3aauu Jd KBa3HJIMHelHOrO Zupde- 
peHWMabHOrO ypaBHeHHA B YaCTHbIX MpOW3SBOLHBIX rHMepOomMyecKoro Tuna 
C MaJIbIM lapaMeTpoM € H JWIA KpaeBol 3alaunH B CJIyYae ypaBHeHUA IJJIMNTH- 
yeckoro Tula. J\id KBa3HJIMHeHHbIX OObIKHOBECHHBIX JMdPepeHIHaJIbHbIX ypaB- 
HeHHH C MaJIbIM MapaMeTpoM 3ajlaua Kom u KpaeBand 3afaua U3y4acb B pa- 
6ote (1). B aHHOM 3aMeTKe MBI HCMOb3yeM MeTOAbI paboT (1,7). 

I~oakaava Komu. B oodnacru G:{—cocm x< +o, i > 0} 


MBI paCCMOTpHM CJleflyrolllylo 3afauy, KOTOpyio MbI HasbIBaeM 3ayauei A,: 


} 


Luz ='e (07u, / Ox?— 07u,/Ot”) — p(x, t, Uc) OUe /Ot+% (x, ft, uz) = 0; F(I) 


peo). on.) or — ben. (2) 
BuipowgeHHad 3ajaua Ao (e = 0) 3akmiouaeTCA B pellleHHH ypaBHeHHA 
Low = — g (x, t, w) Ow / Ot +% (x, t,w) = 0 (3) 

pk ycuOoBHu 
W |tno = & (2). (4) 


IIpeqnonaraem, uTo 9 (x,t, u) >a >O0 ana Bcex ToueK (x, t, u) E GX 


Bx {— co << uw < +00}. C momombio epBoro UTepallwOHHOTO Iporecca 


CTPOMM MOCJIEMOBATEbHOCTh Wo, Wi,...,W_, TAK, uToOL! Lew, = O (e+), 
n 


Brie Ww, = Se Bv. Pasmaraa @ (x,t, Wn), P(x, ft, Wn) B TOUKe (x, ¢, Wo) MO cTe- 


“qlensam € M TIpMpaBHuBaa WIeCHbI C OJMHAKOBBIMM CTeMeHAMHM HYyJO, NomyaHM 
— Po (x, t, Wo) Owo/dt + Wo (x, t, Wo) = 0, Wo lrao = & (X); (5) 

Do (X, t, Wo) Ow, / Ot + (G1 Owo / Ot — 1) Wy + O? Wp, / Ot? — 
0 One U(x. ht, @) = 0) (Ros by 2y aes an); (6) 


P 
“rae U;, (x, t,w) 3aBuCuT sJuUIb oT w;, Ow; / Ot (i <k); Go, Po, P1, 1 — Koah- 


(PHUMeEHTE! passomwKeHul (PyHKuUHH *, tp. Hayanbupie ycJloBuA WIA W, olpeye- 
IMM HYDKe. 


al n-+1 
J{ma HaXOKICHHA ACHMIMTOTHKM MOrpaHHyHorO COA Up = sy e/U; BBeeM 
2=0 
Hopy1o Nepemennyio y = ¢t/e. Iloctpoum dyukunn vy; (i = 0, Loa, mtb) 
| Tak, 4TOOb! AIA PYHKUHH Vv, HMewJIO MecTO 
; Le (Wp + Un) —LeW, = O (let). (7) 
Torna, B cuny L.w, = O(e"+1), nonyaum, 4TO 
| Le (Wn + Un) = O(e"*}). (8) 
Ilepenuiem ypaBHenne (1) B HOBOM TepeMeHHol 
07u 1 O7u Ou 
ary - aleeied) (eres B\ aes aes sly 
SLA == & (ae = nen @ (x, ey, U) a +ew(x, € y, U). 


Pa3noxKUM HaliqeHHy10 (PYHKIUMIO W,_ B PAL Mo crenenam ¢ = ey. Ilogcrapuaasa, 
ee BbIpaxkenue B (7) HM passaran PyHKUUH ® (x, EY, Wn), P (X, EY, Wn) MO cTene- 

AM €, MOJYYHM MoceLOBaTebHO 
Ov2/ Oy? + @oo (x, uo + v0) Ouvo/ dy = 0; (9) 
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Pvp, / Oy? + 0 [poo (x, uo + Vo) (Ux + Vp) ~ Poo (X, Uo) Up] / Oy — 
— (Ep E;) 0, © (hele ee ee (10) 
rae E,— Ex 3aBMCHT TOMbKO OT U;, Vis Ou;/ Oy, Ov;/Oy, OC? Up,-4/ 0x? (i <k); 


Up, Poo — KOIPPHIHEHTHI pa3sORKeHHH Wp, P. 


Onpenenum v;, (k = 0,1,2,...,0 +1) Kak pemienua ypaBHennit (9), 
(10) pu cameqyroulHx ycJloBHAX: 
Uoly=o = 9, Ur ly=o= —Waleao (RK = 1,2,---,)3 Untily—o = 9; 
Ovo / Oy |y=o = ef (x); - Ovn/ OY [yao = — OWpa/ OF |pay (R = 1,2, .. ., mn); (1D) 


OUn41/ OY |y—o = — OWn/ Ot |t=0- 


IIpu g >a > 0 Moxuo HeMmocpescTBeHHO MOACUHTaTb, YTO Vp = f(x) X 

x (1 — e—t/e)/ca, rne c = c (x) > 1. Mo wHayKuHH MOKHO JOKAa3aTb, ATO BCE 

@yHKUHH uv, (k = 1,2,...,n +1) cyTb dyHKWMH THMa NorpaHH4HOroO CJIOA. 
y 


Muterpupysa ypaBuenne (10) or 1/e qo y u ucnonb3ya TO, uro | (Ex—Ex) dy= 

Ve 
= B, — dyHkunaA THNa NorpaHHuHoro CJIOA, MOMYYHM HavaJIbHble yCJIOBHA 
AA Wy: Poo (X, Uo) Wx | to = — Br \tao — OWn-y/Ot | tan (R = 1, 2,..., 7). 
Teopema l. Iycmo Q — awboti mpeyeoroHuk 6 o6aacmu G, O2panuteH- 
Holi §=xapakKmepucmuKkamu ypaenenua (1) u ompeskom ocu Ox. Ecau: 
l) 6 GX{— wcu< +00} @,) umem HenpepoisHole npouseodHLle Buda 


O™M/Oxh0tOu's (m = 1,2, 2. 4 2n -2)P V2) Oe, ¢; wy Se = 0027 aces 
(x,t, uy €GX{— wu < +oo)}; 3) a(x) Henpepoieno Oudepenyupyema 
2n (n = 2,3,...) pas (npu n = 0,1 ona umeem Henpepoienoie npousé6o0Hole | 


do mpemveeo nops0Ka); 4) B (x) umeem nenpepeieHele npouseodHole Oo (n — 1)-20, 
(n —2)-2c0 nopsdKa coomeemcmeenno Onn n=2k +1, n= 2k 42) 
(k = 2,3,...) (npu n= 0,1, 2,3, 4 B(x) mpusrdo Henpepoieno Ouddpepen- | 
yupyema); 5) P_, p,, P,, O2epanudenol @ QX{— co Cu < + oo}, mo: a) 6 Qcy- 
tuecmeyem (*) eOuncmeenHoe pewenue ue (x, t) sadaau (1), (2), nenpepoieHoe u 
uUMeLee HENPePbieHble NPOUsBOOHELE, 6BxoOALYUe 6 ypasHeHue (1); 6) nepeoltt u emo-| 
pol umepayuonnole npoueccet npotioym; B) pewenue Uz (x, t) OonycKaem acumn- 
momuueckoe npeOcmaenenue U, = Wo +eWi +... +8", +0 + EU1+... 
6. +8Tlun4, + Rr, ede W; NOAYLeHbL C NOMOLbIO Nepsozo0 LUnepaywoHHOed 
npoyecca; v; — @ynkKyuu muna noepanurnozeo caoa ebausu t = 0, nocmpoeH- 
Hole C NOMOLIO pelUeHUA ypaeHenuti (9),(10) npu ycaosuax (11); oyenka |Rall,.q=: 
= O(e"+1) umeem mecmo ectody 6 

2, C Meda m hia sa) “slavterdia: 

3anauaA,. B HekotopomM npasmMoyrombpHuke R: (0K *¥ C1, 0<t<T} 
PaccCMOTpHM CJlefyrolly1o 3aqauy: 


Lytle = @ (Pu,/d — Ou,Jor)—o (, t, u.) Ousior 4 (H, t, Ue) — 0, ala 
Ucltagp = A(X), Oue/Ot lpn = B (x); Ue (0, t) = ue (I, 1) = 0; 
&€ > 0 — manpii mapamerp. 
BupoxkxnenHaa 3agaua Ao (e = 0) 3akmwuaeTcA B pelleHH 
salaun 


Low = —@q (x, t, w) Ow/dt + (x, tw) = 0; Wie = (4). (13) 


B yaHHoM calyuae MepBbiii HTepalMOHHbIli Mpowecc He H3MeHAeTCA, TOJIbKG 
C TeM OTJIMYHeM OT Cly4and 3aqauH Kou, YTO HavaJIbHbIe YCIOBUA OM peesAIOT 
CA CHELYIOUWUM OOpa3soM: Wo |yoo = @ (X), W|tao = O (i = 1,2,..., 2). M 
OyeM cTpouTb (byHKUMM THMa NorpaHwunoro CoA cHaYvasla BOMM3H CTOpO 
xX = 0, x = J, notom t = 0. B 9ToM caly4ae NoABUTCA NapaOomMyecKuH Norpa 
HHYHbIK COM BOH3H xX = Ou x = I, T. e. PYHKUMM MOrpaHH4HOro COA CTPOAT 
CA pelleHveM TlapaOouMueckHx ypaBHeHHi. Mbl orpaHvuHdMca tlocTpoeHHe 
Bomnsu x = 0, O<¢t<T, noromy 4To dyHKUHIO NorpaHu4HoOro CJIOA BOS 
x= 1, O0O<t<T MoxHO TomyunTb MOAOOHbIM MeTOJOM. 
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BpejeM HoByi0 MepeMenuyto y1 = x/Ve. Mobi pacuienaaem onepaTop wasn 
nocTpoewua cbyHkuMli MorpaHH4Horo cog vy”, oP, ..., oly, vl, TaK, KaK 


MBI Clea Aa 3agqauu Kom. Orciroqa uMeem 


oP vy /Oy; — Poo (¢, Zo + vy) dvs”/t + [@oo (¢, to) — 


Woo! Ae tg + Up) OU/OE+ Woo (t, Ho + 08) — rpoo (t, Ho) = 0: (14) 
PN kG one are (15) 
PO) /OY? — Poo (f, Uy + v{) Av{/Ot — [Gor (¢, Hy + 01) O () + v)/Ot + 
Be Por} Hy + vb”)] of} — Fae + Exo—Ene=0 (k = 1,2,...,2n +2); (16) 
OOo =O, &=1,2,...,2n +2); of 0 
(Gece k= Ol. n): (17) 
q centre ep Ups) lyao = 0 (Ri 2p. Dy et a) 
re Fe = [Poo (t, ly — v(0)) — Poo (Z; u,) | O&p/2/Ot + 


) + [por (4, #y + 0) O2,(/0t 4+-Qo, (t, Hy + v) Av /ot — 
— Po, (E, ii) Ou »/Ot oi iy + v0) + Wo, (¢, a o)) Bayes Poor Porr Poo» Por 


Uy, Unjg — WICHbI pasiomKennit eae QP, Y, Wn no creneHam V &; Ex —Eny 
SaBUCHT TONbKO OT Ui, Oi2/t, v0) , OUM/At (i << _k) u Ov) _/dl?, wm Nonyaum 


Le (@n + 0°) —L.w_n =O (e"+1), Us LB, = = O (e"+) cnenyet L. (Wn + 00) = 
= O (e™+1), 
(0 (0) (0) 0 
MoxkHO OKa3aTb, 4TO ut ye Uy), +r ULL oe HMCIOT XapakTep norpa- 
HM4HOTO cJIOA. 
Ananorwuno Mbl MOxKeM TOCTPpOUTb (yHKuMIo Morpanuunoro con Ol!) = 
an+e2 


= + 2 (Ve) ul! BOmm3sH x =1l, O<t<T. Ipennonaraem, to 


70 — apy (G8) DO, OP = pe (1 — x)/6) OY, rae ,, tp. — craaxuBarome 
bynkuun. Torga scony Bs R umewor mecto L, (@,+ 0) = O(erh), 
Le (Gn + B) =0 (er), 

_ Tenepb MbI Mepeliqem kK MocTpoeHuio MoceqoBaTerbHocTH dbyHKuMi norpa- 
HuuHOrO cog BOMN3H t = 0,0 < x < /. OnM CTPOATCA Tak Ke, KaK JIA 3aqaq 
Kou, HM MbI OTMeTHM TOJIbKO, UTO B JaHHOM culy4ae B OKpecTHocTu ¢t = 0 pI 
pasiooKMM He TOJbKO (YHKUWH Wp, Wy, ..., Wr, HO HW PYHKUMM NorpaHn4Horo 


eon yo) oe), Honyctum, uTO passloxkenua umeroT Bug uy” = UO + eu +. 


7 . oe faut Ont, cs enre Urs ’ C2 = ta ote =r eU{? == wns oe =5 er = ya, + 
4 ert? Cae é = cusy ycnoBpua (17) u ycnoBuH Teopembt (ycnoBul 1) u 7) 
{CHI yo” BOG 00172) 2) on +1) papier Hym0; “a Unis Ut. ‘or- 
DaHnueHb. Ilostomy pu pacilelmenuu onepatopa B oKpectHocTH ¢t = 0 MoxHO 
tuUuTaTb H60 ae mu6o v0!) pKmroveHHpMn B O (e"+2). Orcioga MbI HMeeM 
Bia, +o” + 0,)—L.(@n+ vo’) = O(e"4), rae On = th (4/8) O13 On — 
bynKuna NOrpaHuyHoro CJIOA, MOCTpoeHHaA BOWS n= 070 ss x<1; bs — 
TiaxKuBaowlad dyHkuua. Yxe usBecTHO, uTo Lz (W_, + 0) =O (eH). 
13 é orChos erenvyer ~L; (nr +o + v,) = O(e7+1). AnanornyHo wMeem 
." cea ee n 
te (Wn + Vn + Un) = 0 (e**). ; 
+B cuay cpolictsa criaxuBatouleih pyHkunu Bcloxy B R UMeeT mecTo 
(iw, + vo + vi + v,) = O(e"*). 
)Teopema 2. Ecau: 1) @ RX{—0o << u< +00} dynKkyuu Q, p ne- 
Pepolens: emecme c ux npouseodnoimu euda O"/Ox40t0us (m= 1, 2, . . .,3n-+-4); 
\)'e 10, 1] a(x) nenpepwiexno Oudqepenyupyema 2n +3 pas; 3) B (x) nenpe- 
BHO Ougpepenyuupyema n — 1, n —2 pa3 coomeemcmeenHo Oan n = 2k +1, 
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n= 2k +62 (k = 2,3,...) (npu n=0, 1, 2,3,4 ona nenpepoiena emecme 
c ee npous OOHbLML emopoeo u mpembeeo nopndKoe) é.10, 1]: 4) a(O=—a (= 

=6(0) =B() =0, a’ (0) =a’ () =0, a Q=—H(0,0,0) a) = 
= —vw(l, 0,0); 5) @yxxyuu g (x, t, u), (x, t, u) omHOcumeAbHO apeymeH- 
moe t, u Umelom npoUseo0HEle nepeo2d0 u BMOpo2O NOPAOKOG, OCepaHUtXeHHole 6 


Rix{— coo <u< t+oo}, ee 0O< U<T; 6) 6 RX{—ccW= poo} 
o (x, ft, wu) S a> 0; 7) OM p/dxs0t = 6 mouxax (0,0,0), (1, 0, 0) 
(mez 0; 1, 2) 203.) 423, ty 0 2, 4, Gree ec) ep AOR irl ny ree 
x= 06 (0, TIX{—- wo <u < + oo}, 20e w — pewenue 6biponcdenHot 3adatit, 


mo: a) Cc syiuecmeyer (*) eduncmeenHoe pewenue sadauu (1), (2), umetowee nenpe- 

polenble npouseodHble, exodsujue @ ypaeHenue, 6) 3adaua (14), (15) umeem (°) 

eCOUNCMB6eEHHOe U OepaHudennoe pewenue; B) nepeolii uU Bmopotk umepatuoHHole 

npouecce: npoudym; r) petuenue u, (x, t) OonycKaem acumnmomuueckoe npedcmae- 
n 


ae | ayce os Pa eed j i. : 
ACHUE Ue = Wy ioe aa oy? + Un + Rp, 20€ Wy = Wy + 2 &W;; W; NoAry- 


ueHbl C NOMOLUbIO Nepeo2co UMepayUOHHOed npouecca; 30 = = ap, (x/d) 0 = = 


2n-+2 


= p, (x/d) | g zt { a (Vey); 2 0”) — dynkyuu napaboauuecKkoeo noepanutt- 
i=1 


2n+2 
H0oz0 chon G6AusU x = 0,0 <t<T; vf =w,((I—x)/) )( of Oa eal 8). y‘ off) 
ve aH 
ul, — e6ausu x = 1, OX *E<T; Op = Ys (t/8) vy = w, (t/6) | % + >| ev; 
t=1 


0;:— PyHKyuL noepanuinoeo canon ebauzsu t=—0, O<x<l; onenka 
| Rul try = O (e"+1) umeem mecmo ecrody 6 R. | 
Cayuah, Korq@a HeBO3MyMmenHHOe ypaBHeHue 6 y- 

eT TOTO Ke NOpaAgAKA, YTO H BOSMYMEeHHOE. 
A. Qaauntuyeckoe pee BLIPOKAaeTCA B Napadomuyeckoe. B mpsxMo- 
yrombuuke R: (O< x < /, 0 << t<T) paccmatpuBaetca cnefyioulan sayaua:| 


Lu, = t @u,/o? + 07u,/0x*—@ (x, t, a.) Ou./Ob- »p (at, u,) = 0 
Nee), 


rae [ —rpannua R. 
B. Cais ae ypaBHeHHe BbIpowKMaeTcA B MapaOomHyecKoe. B 06- 
jactu G: {— oc < x < + oo, t >0} Mp paccmoTpHmM 3aqaay Kou 


Lu. = — 2 0u,/o? + 0u/ox? —@ (x, 1, u.).ou./Ot WD (x, f,m,) =U; 
Us lip = A(x), Ou./Ot|1-) = B (x). 


AcHMNTOTHKa pelleHH STHX 3aau CTPOHTCA Tak 2%Ke, Kak Jia 3aqaun Kou 
B § 1, TOMbKO B Ne€pBOM HTepalHOHHOM TIPOMecce Wy, W,,..-, Wz NONyYAaTCA peie 
HHeM TlapaOomHuecKHX ypaBHeHHH. 

Tlonb3yacb CryuaeM, BbIpaxKaloO HCKPeHHIOIW OJlaroapHOcTbh MOeMy Hay4HOM 
pykopogutemo JI. A. JlocrepHuky 3a paOoTy, CoBeTbI H CHCTeMaTH4eECKYIO 110 
MOILb B 3TOH padoTe. 
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Honraane Akagxemuu nayk CCCP 
1961. Tom 138, Ne 4 


MATEMATHKA 


A. J]. TAMMAHOB 


XAPAKTEPHCTHKA KOHEYHO AKCHOMATH3HPYEM bIx 
KJIACCOB MOJIEJIEK 


(IT pedcmasaeno axademuxom A. H. Maaoyesoim 15 XII 1960) 


B 3amerke (*) JaHa XapakTepucTuka KOHCYHO AKCHOMATH3UPYeMBbIX KJIaCCOB 
MofleIeH JIA HeEKOTOpbIX BHJOB akcvom. B HacTostleli 3aMeTKe JaeTCA XapaK- 
TepHCTHKa KOHEYHO AKCHOMATH3HPyeMbIX KaccOB MOJejeli Oe3 orpaHHueHus 
Ha BHJIbl AKCHOM. 

KoneuHasl CHCTeMa aKCHOM y3KOro HCUHCJIEHKS NpequKaTOB IKBUBAJICHTHA 

- OMHOH aKkCHomMe Buia 


Fj ylyl 1 2 2 Z cl al ri -l 
| Weine-.. Ex... xe... Qu... an NEA aS a aaa eg x) (1) 
HH Bua 
Ly 1 2 r2 l i 1 -} l 
q eee KE Ox. Ane Ce eee 747 eee xi)» (2) 


rae Q= V uau E B 3aBucumoctu oT 4eTHocTH /. [losToMy JocTaTOUHO XapakTe- 
_ pH30BaTb KJIacc MOjesleli, OMMCbIBaeMbIX aKCHOMOH Bujla (1) usu (2). 

1. Uro6bl oxapakTepH30BaTb Kwlacc MOjeseli, ONHCbIBaeMbIX AKCHOMOH 
Bua (1), BBeqeM cmenyrolllee oNpefemeHve, ABJIAIOILeeCA YCHJIeCHHeEM aHaJo- 
_THUHOTO olpeyemteHnua u3 (*). 

Onpeneneunnue |. Jina gaHHoro KopTexka (f1, ne, .. ., My), JAHHOM 
Mojemu MR u oAMoZeTH My, Nn, E Sp, (NM), ompeyemumM oHATHe (M1, Na, . . - 
~. . «, M4, M;)-MOKpbITHA Moen MN OTHOCHTEMbHO MOAMoAeIH N,,, = (A1,2,...,An,)- 
‘Ilpu / = 2 Mogenb SR wasprBaetcs (11, N2)-MOKpbITHeM MoJenH MR OTHOCHTeJIb- 
| HO ®,,,, ECM CyULecTByeT TaKoe H30MOpdHoOe OTOOpaxeHHe G1 MOZeIH Np, BM, 
‘TO WIA JOOOTO fN2-pacUIMpeHHA Mp, (Comep2xKallero He Gomee 4eM M1 + Ne 
_9JIEMeHTOB) MOJeIH @ (M,,) B M cywlecTByeT u3s0MOpdHOe OTOOpaxKenHHe G2 
“MOLE Mrn, BR, CoBMayaromee c QP, 1 Ha Mn,- Kopoue 3To OyeM MHCaTb TAK: 
® Nin, ny, 2). OToOpaxkenua 1, 2 Ha3soBeM JonycTHMpimn. TlonoxKHM, 


“4To (m1, ne, .. ., fy4)-MOKpbITHe oMpefeneHo H onpeemuM (m1, Ne, . . ., Nj)- 
‘IIOKpbITHe. 

_  PaccMorpuM ypa cayyas: 

m® 1) d—i=2s. TorgaR< we, ,, at 
‘HM WIA M060 MOcMeAOBATebHOCTH JOMYCTHMBIX OTOOPaxKeHHH G1, P2, . . ., Pr 
Ass sOG0ro ny-pacumMpeHHaA Nnn,...n; ,n, MOMEIH Rrins...r,, B MR Haligerca 


usomopuHoe oTOOpaxkenne @,; MOZeTM Nany...n, , B WM, CoBMagaroulee c PP! 


)M osHayaeT, wTOR<y, A os 


Ha Mofenu Ryan,.. 


Mei 
> 2) -1=2s-+1. Torna R<(m,,,, m4, nm, ..., np Mosnayaer, YTO RK, , n,,....n; 1M 
MU 2a m1060 MocieqOBaTeIbHOCTH JONYCTHMBIX OTOOpaxeHHli Pi, G2, ...,Pr4 
Wit moOoro n,-pacuiMpeHHA Mryr,...,, 42, MOMCAM Mnn....nj,, B M HalizeTcn 
V oMopHoe oTOOpaxkeHHe @, MOMETH Many...n, 7, B WM, CcoBmanaroulee c grt 
la MOMEAM Mn, ...nj 4° TakuM o6pasom, Wid WHOOOrO KopTeKa (71, M2, . .., Mz) 


{ 
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onpefeneHo (11, 12, ..., 2))-MoKpbiTHe MogemH MR oTHocuTeTbHO M,,, T. e. 


M < (Nr,» Ny, Me,.--,My M. (3) 
Onpengenaeuue 2. Ecau ua fanHoro koptTexka (fit, 5, itp 
W Jaa m1060H nozMopemu N,, U3 Sp, (M) uMeer Mecto (1), To mumem 
MR (ang...) M- (4) 
Ecau quia so6oro KopTexka (ni, nz, .. ., N;) PUKCHpoBaHHOrO paHra | uMeeT 


MecTo HepaBeHcTBo (4), TO RM < cz) M. 

Ilycrs L — kaacc Bcex MofeneH Tuna § = <M, P). [na gqannoro uucaa n 
B Kmacce L cyulecTByeT KOHEYHOe YMCO GP, (Nn) NoMapHoO HeEH3OMOpdHBIX Moe- 
je, colepxKalluxX He Gomee 4eM n SueMeHTOB. JIA WaHHbIX MOfereH Mus L 
uU noAMoyenu M, u3 S, (M) cyulecTByeT He Oomee P, (n + m) MoMapHO HeN30- 
MOpQHBIX /71-paclIMpeHUH Mogemn M, B MOReIH M. 

Jlemma 1. Kaacc ecex modeneti M, yOoersemeopstowmux ycaoeuto 


RK (np,. 1,0 M npu Oannsix N, Nay M1, Ne, . .. , My ONucoIeaeMCA aKcuoMott 
MN, Ray Thy,-0) ny BU0a 
4 WY 2 EX? 3 “4 4 (3 x6 
Ext... xl yxi... x? Ext. te ee EBM ho. « 8 
L 1 I 
iQ LE ie my Volt teen mes 
i 

20e Q=E, ecau | newemno, Q= y, ecau 1 wemHo;, Vv Eseeet & Xnj,) He co- 


Oepocum KeaHmopos; “ucAo mM; He OHoaAvtue 
n@y (mi + ne) My (ni +e +3)... pp (m +e +... +,;),1=38,5,7,... 

Ota JeMMa ABIAeTCA YCHNeHHeM aHaJOrM4HOH JemMbI u3 (1). Orcroza BBI- 
TeKaeT: 

Teopema l. Cuxredyrowue ycaoeua skeu6eaneHmnol: 

1) Kaacc K onwuceieaemca akcuomoit euda (1). 

2) Cywecmeyem makoe uucao N, amo ecau dan modeau % u swOot ee nodmo- 
denu W’ uz Sn (YM) (codepocaujett ne Conee N aaemenmoe) 6 K natidemca modenb By, 
yOosremeopsroiujasd YCACBLLIO 


WS (a, N,N...) Bar’, 
= l 
mo MEK. 

-2. Akcvomy Bugd (2) MowKHO paccMaTpuBaTb Kak akcuomy Buya (1), rae 4uc- 
JO NepeMeHHBIX x! paBHo Hywio. TlostomMy uMeeT MecTo: 

TeopemMa 2. Curedyxujue -ycaoeua akeueanenmnot: 

1) Kaacc K onucowaemca akcuomot euda (2). 

2) Cywecmeyem uucao N makoe, umo ecau Olax modeau % moocHO yKa3samo — 
MO0CAb By us K, yOosaemsopsrowyto YCAOBUtO 


Ba <wn,....) Ys, (5) 
Tourer 
mo MEK. 
Vis sTux TeopeM BbITeKaloT XapakTepHCTHKH KOHEYHO aKCHOMATH3UpyeMbIxX 
KJIaCCOB MOjledel, WaHHbIx B (?,”). ; 
3. UToObl NoyanTb ycuseHue Teopembl Jlocb-TapcKoro, BBeeM culenyro- 
ve Olpelelenua: 
Onpeneneune 3. Ilommonenb R Mogenu M Haspiwaerca (N, /)-no_Mo- 
Nesb1o, ecu R <<, w,..., w)M. Katace seex (N, /)-noyMogeneh Moyen MN o603Ha- 
iS 4 
4MM Yepes Siwy, 1» (M). Torma NES ww, y (K) = (EM) (ME K& N E Sw, 1) (M)).— 
Onpenzeneunue 4. Kanacc mogenett K naspipaetca (NV, 1)-Knaccom, ecu 
OH OOaaeT CIELYIOULUM CBOHCTBOM: CCIM IIa MonemH MN moGoH nomMOZenu Ny 


u3 Sy (%) B xKsacce K waiigerca Monenb Mn, x,.N.N,....N Takada, 4TO 
a 


Ll 
RM <my. N,N,...N) My, ny, N....N,> TO CyIecTByeT MOJeNIb M B K, cofeprxKawlan 
Nae eee —_—_— 


i i 
Mu R<(N,N,...,N)M, T. ec. NESw, 1» (M). 
es 
i 

Teopema 3. Cuxredyowmue ycaoeun sKkeusanenmnotl: 

\) Kaace K onpedeasemca axcuomott euda (1). 

2) Cywecmeytom makue uucaa N, 1, umo K ecm (N, 1)-Kaacc u Sy, ;(K) CK. 

CaeazctsBue. Ecau kaacc K onncprpaetca akcnomMoi Bua (1), To K 
ectb (N, l)-Knacc a HeKOTopoli appt uncen N, 1. 

STO yTBepxKenve ABMAeTCH aHaJOroM TeopeMbI XeHKHHA. 


Teopema 4. Ecau K ecmb (N, l)-Kaacc 0aa Hekomopoti nape. aucea N, I, 
mo Sy. (K) onuceieaemca akcuomoti euda (1). 


MatemaTuyecKHH HHCTHTYT TloctynHuio 
Cu6upckoro oTfesieHua AkayzemHu Hayk CCCP 10 XII 1960 


UMTHPOBAHHAA JIMTEPATYPA 


LA. Ji. Tatimauos, Ws3s. AH CCCP, cep. marem., 25 (1961). 2R. Vaught, 
| Proc. Acad. van Wetensch., A 57, Ne 5 (1954). * R. Vaught, J. Symbolic Logis, 16, 
589 (1954). 
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Noxaage Axagemuu vay CCCP 
1964. Tom 138, Ne 1 


MATEMATHKA 


K. M. ®HLIMAH u 10. H. MAKOBO3 
O MNOJIHOTE BJIM3KHX CHCTEM B CUETHO-HOPMHPOBAHHOM 


MPOCTPAHCTBE 
(IIpedcmaeaeno axademuxom B. H. Cmuupxosoim 6 XII 1960) 


_ M. A. Exsrpacbospim Obi LOKa3aHbl HEKOTOpbIe TEOPeMbI MOJHOTHI OMSK X 
CHCTeM B aHaJIMTH4eCKOM Mpoctpauctse U(D) B mpeqnouoxKeHHA OHOCBASHO- 


eTu o6macTu D u HelpepbiIBHOCTH MCXOZHOH CHCTeMbI B 3aMbIKaHHu D oOnactTu D 
(7), ra. I, § 1, teopempr 1, 2, 3). B nacrosmjeH saMeTKe MbI JOKaxKeM aHaJo-- 
THYHIC TEOPeMb! [JIA MOIHLIX CUCTHO-HOPMHPYeMBIX MpOcTpaHCcTB, U3 KOTOPHIX, 
B WaCTHOCTH, OyJeT ceqoBaTbh OOOOMLeHHe WHTHPOBaHHbIX TeopeM Ha Cay4aH 
MpOW3BOJIbHOTO aHasJIMTHYeCKOrO MIpocTpaHCTBa Ha OTKPbITOM MHOxKeCTBE 6e3 
HpemnosoxKeHus OO OrpaHHYeHHOCTH MCXOAHOM CHCTeMBI. 

Ilyctb X — nlo1HOe CYeTHO-HOpMHpoBaHHoe MpoctpaucTso, X = lim prB,(°); 
B,(n = 0, 1,...) — yObBaioujat ocieqOBaTesIbHOCTb OaHaXOBbIX Ipo- 
CTpaHCTB C MOHOTOHHO BO3pacTaloWHMH HOpMamMuH | x||,(x€X). Torga (°) 
1 Cae i ates 

tN 


Teopema 1. Ecau cucmema {Xx,J° noana @ X u | xql, = s+ 0 
(Ave 0, 1,256. 2)5 MLORCHenema 
yee ces (== 0S eae (1) 
noana 6 X, ecau c i 
sup 5) [One| SxS? = 8 <1. f(2) 
h=0 


Moxa3zateabertso. Ilycts B — 6aHaxoBo mpoctpaHcTBo Bcex Mo- 


cneloBaTe/ibHocTeH 0 = {On }0° TaKHX, 4TO |b] = | On| Sn < oo. O603HauHM 
AL 


f 


| 00 

opTnr B uepes e, = | onal ; UM MYCTh 1, = Sree {Snn} Po: PaccmMoTpuM 
‘ Sh k=0 Sa 

onepatop A, ompefeieHHbIh cnepBa Ha {Hp}: ANn = {Onn}r (n = 0, 1,...). | 


Torga ||Aen|| = >) (Gen yeas Ole 64 
k 
PacnpoctpaHuM A JIMHeHHO M HellpepbIBHO Ha Bce MpoctpaHcTBo Bb; Torja 
{Aj — 6 <1, u, cmeqoBatembHO, onepatop E +A ecTb mMHeHHEIH roMmeo- 
Mopdu3M MpoctpauctBa B. BBoyum eme onepatop P, jelictByromni u3 BB X 


cormacHo dopmyie — P {0n} = S)OnXn. M3 [On| XI <1 On| Sal) Xnl,,8, 2 S 

< bn |S, (n > m) cnenyer SLD ntn €Bn mpH m060M {b,}C B u mo6pix m, | 

CuelopaTebHo, Shika P oto6paxaet B B X. Onepatop P Henpeppip- 

HbI. figicrme nycTb V — MpOv3BOIbHad OKPeCTHOCTb HYJA B xX , CO- 

cromiaa us Bcex x€X c |x|,<1, m nyctm s,—| xl; (k= 0,1,... 
Ay—1 f 


., fo — 1). BriGepem ¢ > 0 Tak, uToObI € i Se ey } <1. Tyers 
h=0 


Tenepb W — okpectuoctb nya BB, cocroautad 3 Bcex b ={b,} c » On| Sn<é. 
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Torna npu 6 € W,, uMeem 


Ag—1 


| 2 Orxn |, < Dy Onli el, + Dd) ier iheh,< 


k=0 h=n, 
nyg—1 ioe) , Mo—1 
< Di [Onl sesys+ Fi [bn | se <2 ( S 5,52 +1) <1, 
k=0 R=M, h=0 


Te. ADEV, ecu OE W. 

| VWs Ph, = x, (n = 0, 1,...) cnaenyer mnotHocTbh o6macTH 3HayeHuit Rp 
onepatopa P B X, R, = X.C Apyrol cropouni, Rp(e+a) = Rp. Ecau x € Rp, 
To cymectByet b € B Takoe, uto x = P (E + A) b. Tak kak 6 8 B aBasertca mpe- 
1e10M JMHEHHEIX KOMOMHALHH BeKTOpoB n, (1 = 0, 1,...)u P(E +A) nH, = 
=y, (n=0,1,...), To, B cumy HeNpepbiBHocTH onepatopa P (E + A), 
¥ CCTb Npeyes JHMHEMHBIX KOMONHAaNH {y,}, OTKYa HW cenyeT, BcHIyY Rp = X, 
NOHOTa CHCTeMBI {y,} B X. 

. Camenectsue. Ecan sMecto ycnopua (2) BEINOHAeTCA ycOBMe 


co 
sup »s lGnn | SpS-4 = 0< 00, (2’) 
\ 7 R=0 
TO cucTema 
[o.e} 
Yn = Xn + >) MienXn (n =O aly W (1’) 
h=0 


foina B X Ana Bcex Ac |A|< 1/0. 
Teopema2. Ecau cucmema {Xxn}° noaxa 6 X, mo cucmema 


oO 
Yn = Xn + > OnnXk (n OM ee (3) 
a k=n-+1 
noAna 6 X npu éoinoAHeHUU YCAOBUA 
J 00 co F 
>; ass 2 9o (n= 0,1,...), lim > | en | SpS- 1 <1. (4) 
hestiet n>» 0o han 


' WoxasatTeabcrso. B gaHHom cayyae a,, —0 npu k <n. Ilyctb 


A co 

apy n>>N_ sup >) |@nn|SpS-1 = 6< 1. Torga onepatop A, onpesemen- 
" f roa k=n-+1 

Gili BHIe, pasvioKUM Ha CyMMy JjByX oMepaTopoB Ai + Az, U3 KOTOpHIX A , 
>MatTpuuet [a,,], MOMMHeEHHOM NONOMHUTeEMbHOMY YCJIOBHIO Op, = 0 (n > N), 
Tb OPpaHHYeHHbIii KOHeYHOMepHbIt oMepaTop B B, u Az c MaTpuieli Ioen', 
tp = 0 (n < N), umeer Hopmy ||A2] < 1. Oneparop E +A = (E + As) +Ai 
Sb CYMMa KOHe4YHOMepHoro H OOpaTuMoro orepaTopos B B, x NosToMy(*) K Hemy 
puMeHuMa tTeopua pegronmpma. IlycTb Tenepb mpu HekoTopom 6 6 B, 


Dee Ao 0, + «4 


(eee Ayo =>) bg (E +A) ta = Dion (Me 2s Santa) = 


k=0 


= domo + (br + 0019) My + (62 + G20%0 + Gers), M2 +... = 0. 


fciona Noryyum 6 = 0. Ha ocnose TeopHu MpesrombMa 3akJNoUaeM, 4YTO 
gt A €CTb JIMHeHHbI TomMeoMopdu3M mpoctpanctBa B. Paccyxjenua 3a- 
‘|aHauBaloTcA KaK B JOKa3aTembcTBe Teopemb! |. 


‘CnenactBue, Ecau nocaenopatenbuocth {x,}> Moma BX, 


(oa) co 


fim >) Von, \sisa° = MN <oeo, Dy) ha Neue nea (tO al ane 


A>OO h—n-+-1 k=n-+1 


TO CHCTeEMA Yn = Xp +A > OnnXp MOMHA BOX mpuH jAl< IN. 


h=n--1 
Teopema 3. Ecau cucmema {Xn}o noana 6 X, mo cucmema 
co 
Hp Sek) ND) On Xp vee Ole) (5) 
h=0 


noana 6 X OAA ecex h 3a UCcKAMOUeHUeM OUucKpemHoeo mHOoKeCmMea 3HAXeHUL ?} 
Np 6oINOAHEHULU OOHO2O U3 cAeOYIOWUX YCAOBUt 
oO (oe) 


1) bi lonn| Suse? < co (n = 0, 1,...), lim >} lana] spsn2 = 0; 
k=0 


N-+0O p—py 
e 6 
2) sup >) \@nn| Sea << 00), Jean sup y | Oni SpSa, ae 0, 
n k=0 nN R=N 


IIpH aHHbix raegnenoe ane onepatop A BnowHe HenmpepbIBHEI B B 
uv mostomy FE +-AA ecTb WHHeEHHbIM TomMeoMopu3M B 3a MCKIOUeHHeM JMCKpeT 
HOrO MHOMKecTBa 3HadeHHH A. 

B kauyecTBe MpHoxKeHHA PaCCMOTPHM IIPOH3BOJIbHOe HeMycTOe OTKPBITOt 
MHoxKecTBo G puMaHoBol ccbepp 2, G =& 2, H eMy cooTBeTCTBYIOIee aHaJH 
TuyecKoe MpoctpancTtso X = U(G) (4). Ilycth G, (n = 0, 1, ...) — Bospa 
CTaIOUlaA MOCMEAOBATENbHOCTh OTKPBITBIX MHOXKECTB, KaKNOe U3 KOTOPBIX CO 
jlepokuTcA B KOHE4HOM UMCIe CBASHBIX KoMMOHeHT G, G, C Gre, U.Gn tee = G 


BpejemM Oanaxosbl Mpoctpaxctsa B, (n = 0, |, . . .) Bcex NOKasbHO. aHasluTH 
yecKHx (byHKkuHH x (Zz) B G,, HeHpepbIBHbIX Ha G, e [ix (2 |, = sup | F (2 | 
2€Gy 


Torga, cormacHO yKa3aHHOMy BBIIlIe, HM€eT MeCTO: 
Teo p ema 1’. Ecau cucmema {Xn (2)}o, Xn (2) C U(G) (n= 0, 1, 


ee ae 


noana 6 U(G) u sup | xX, (2) | = S&S, = 0, mo cucmema gynkyut 
Zz€G, 
Yn (2) =<, (2) ee nen) One) (4 
h=0 


noata 6 U(G) npu éeeinoAneHuu ycaosuA (2). 
Teopema 2’. [lycmp cucmema {Xp (2)}o noana 6 UW(G). Toeda cuc 


Yn (2) = Xn (2) + > OnnX, (2) (n = 0, piers 4) (: 
k=n--l | 
noavna 6 W(G) npu eoinoaneHnuu ycaoésuit (4). 


Teopema 8’. Ecau cucmema {Xn (2)}o. noana 6 U(G), mo cucmema (| 
nonHaée \l (G) Oan ecexk, 3a ucKAoLeHUem OUuCcKpemHoeo mHOscecmea 3sHaLenutt | 
ecau mampuua |dpn] yOoeremeopaem odxKomy us ycaoeuit (6). 

Tloka3aHHble Mpu3HaKH MOMHOTHI MOryT ObITb TakxKe NPHMeHEHbI B aHa 
THUECKHX MpocTpakcTBax (yHKWMH MHOFHX KOMIMVJICKCHbIX IlepeMeHHBIX Ha I) 
JYUMIMHApHyeckux OONaCTAX H B HEKOTOPbIX MpocTpaHcTBax GecKOHeYHO AH) 
(bepeHUHpyeMbIxX (VHKIUHH. 
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Jloxnann Anxayemuu nayx CCCP 
1961. Tom 138, Ne 1 


MATEMATHKA 
Ji. H. WIEBPHH 


O CTPYKTYPHbIX CBOHCTBAX NOJIYTPYNN 
(I] pedcmaeaexno axademuxrom A. H. Maaoyessim 20 XII 1960) 


B HacTOAIeH 3aMeTKe PaCCMaTPHBaIOTCH HEKOTOPble CTPyKTyPHble CBOMCTBA 
nowJIyrpyin* B CBA3H C NOHATHAMHM CTPyKTypHOM XapakTepusyemMocTH M CTpyK- 
TYpHOM oMmpeyemsemoctu (onpeyeneHuA CM. H¥>Ke). OCHOBHbIe TeOpeTHKO-NoWy- 
rpylMoBble H TeOPeTHKO-CTpyKTYyPHble MOHATHA MpesnoMaratoTcA M3BeCTHbIMH: 
COOTBETCTBYIOINHe OMpeeseHHA MOXKHO HaliTH B. KHurax (?,”). Mpr nMomb3yemcs 
TakKe OOMEYNOTPeOUTeLHbLIMH OOO3HAYeHHAMH. 

SNeMeHTLI A U A MpOH3BObHOM CTpyKTypbI c Hysiem O u equHuuel J HasbI- 
BaloTcH B3AHMHO JONOMTHUTECAbSBHBMH, ecnua/h\a = 0, ava = 
=I1. Tanapunh ufeaa B ctpyxtype (7), MopoxeHHHIM 3memeHToM f, 
oOo3HayaeTca Hamu yepes (Z). Uepes (¢,,¢.) Oyqem O603Ha4aTb TlaBHbIli ulea, 
MNOPOKJECHHbIM 2IeMeHTOM ¢,\/fty. OnemMeHT Db MpOusBOJIbHOM CTPyKTYpPbI Ha30BeM 
ORHONOKPHBAWMHUM, ecu usean (6) OOnaqaeT HAHOObUINM 3/IeMeH- 
TOM, OTIMUHbIM OT Fb **. Tlon noKaNbBHOKH CHCTeEMOU B NOHO N0- 
JIYCTPpyKType OTHOCHTeJIbHO CYMMBI c eqHHueH / Mbl MOHMMaeM TaKOe MHOKe- 
eTBo L 3u1eMeHTOB STOH NOMYCTpyKTypbl, YTO CyMMa BCeX JJIEMeHTOB 3TOFO MHO- 
*KeCTBa paBHa / M M00aA Mapa s/leMeHTOB u3 L coylepxKUTCA B HEKOTOPOM TpeTbeM 


gnemente u3 L (cp. ()). 


Uepes 2 (I) Oynem OO03HaYaTb YaCTHYHO YIMOpAOYeHHOe OTHOCHTeIbHO 
BKJIOYCHHA MHOKECTBO BCeX NoAMoMyrpynn nosmyrpynne Tl. & ([) asaaetca 
MOMHOH MOMYCTpyKTypOH OTHOCHTebHO ONepalHH B3ATHA KOMMO3HTAa MOMO- 
yrpynm, Ho He Bcerga OygeT cTpyKTypo. Tlostomy uacTto wemecoobpa3Ho 
PpaccMaTpHBaTb paciiupeHHoe MHoxecTBo 2’ (I), nomyuarouleeca mMpucoequ- 
HeHHeM K & (I) nycToro MHoxectBa. &’ ([) aBaseTcaA NoHo CTpyKTypoi. 


2 (0) u &’ (fT) ofnoBpemenuo o6sagatoT uM He OOMaqaioT pxAOM cBOolicTB: 
-KOHEYHOCTb, OeCKOHECYHOCTh, JIMHeHHAA YNOPANOYeHHOCTh M Ap., NMOSTOMy pH 
“H3yYeCHHH CTPYKTYPHbIX CBOMCTB NOJyrpynnbl yacTo Oespa3IM4HO, paccMarT- 


puBaem MbI & (I) nau &’ ([). OnHako B & (I) onepauua mepeceyenus He Bcer- 


"Aa onpefenena, ITO cpasy NpepcTaBseT HeyNoOcTBO MpM H3yYeHHH TakUXx 


cBolicTB, re 9Ta OMepalluA yuacTByeT, HallpHMep JUCTPHOYTHBHOCTD, JeeKHH- 
jopocTb. B Takux BOMpocaxX Jyule HMeTb [edo C De) 

Jaa ofHOW Mu TOK xe Homyrpynner Tl = & (I) u &’ (I) mourn Bcerga He u30-~ 
MopduHpl. MMenHo, cipaBelmuBa celyoulax: 

Teopema l. & (I) usomopd@ua &’ ([) moeda u moaoKo moeda, ecau 
T — epynna muna p. 

Bmecte c TeM o¥eBHAHO, 4To ecau Ti uw le — ape Howyrpynnb, To & (11) 
u & (['2) usoMopdub! Torga u TombKo Torga, ecu X’ (11) u X’ (2) u3somopcust. 


* T. €. CBOHCTBa, CBASAHHbIe CO CTPOCHHEM UaCTHUYO YMOPANOYCHHOFO MHOKECTBA NOMMNOTy~ 


_ fpynn nosyrpynnni. 


** B sametke MbI OyfeM paCCMaTpHBaTb CTPyKTypbI NOANONyrpynn, NOSTOMY B a/ibHeliLWIeM 
WX 97eMeHTH OylyT OOO3HaYaThCA MpONHCHBIMA JaTHHCKHMH OyKBaMi. 
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Tonyrpynns [; u ls naspipariorca CTP YKTYpHO H3SOMOPOHBE- 
mu, ecan & (Tx) u30Mopdua 2 ([2) (Mo mpexbiyuleMy 3aMedaHHIo 9TO paBHO- 
CHJIbHO H30Mopusmy & (11) wu X’ (L2)). Pay 9eMeHTapHbIX CBOHCTB CTpyKTyp- 
HBIX H30Mopiu3MoB paccmoTpex B (°, °, *). 

Hyctb % u S—Ba (3aMKHYTbIX OTHOCHTE/IbHO H3OMOpHu3MoB) KJacca Mosy - 
Tpymn, mpwyem %— noyKaacc Kacca %. Bygem ropoputb, yTo Kulacc 
eCTPYKTYPHO xapakTepusyeTcA B KAacce &, eCAH MOX- 
HO yKagaTb TaKkue ycJloBua, (opMyJMpyeMble B TepMHHAaX TeOPpHH CTpyKTyp, 
uTO JWI BCAKOM Mosyrpynnp PF u3 Knacca B 2%’ (L) yAoBmeTBopseT STHM yc- 
MOBUAM TOra u TOMbKO Torga, ecun I upuHanmexuT Kaccy %. Kaacce Y 
CTpPYKTYPHO onpeReAHeTCA B KAacce B&, eC BCAKAA 
nomyrpyiiia v3 Klacca &B, CTpyKTYpHO H30OMOpHadA HeEKOTOpOH NodJyrpymne 


W3 Kulacca Y, caMa IipHHayexuT Ksaccy Y. AcHo, uTo, eciu Kacc YcTpykTyp- 


HO XapakTepusyeTca B KJacce %, TO OH H CTPyKTyPHO oMpesemsetTca B ITOM 
Kslacce. 

HaxowkeHHe CTpyKTYPHbIX XapaKTepHCTHK JIA CTPyYKTYPHO OlpeyedAeMbIX 
KJIaCCOB HEOOXOUMO pacCMaTPHBaTb KaK COBEPINeHHO eCTeECTBEHHY1O H BayKHY!0 
3aqayy. 

Oco6eHHO BaxkeH TOT culy4ali, Kora B ecTb Ksacc Bcex Nowyrpynun. B 3ToM 
<ly4ae MpocTto 6yeM robopHTb OC TPYKTYPHOUXaApPpaAKTe PHB ye- 
MOCTH H CTPYKTYPHOH onpexeaaemMocTH Kaacca Y (no 
HOBOLY WoceqHero MOHATHA cM. (1), re MPHMeHAeTCA HECKOMbKO HHA TePMH- 
Howorua). Muorve Kslaccbl Nosyrpyln CTpyKTypHO He ollpefsaasiotca. B Takux 
ciyuaix temecooOpa3sHoO HaXOJUTb JOCTaTOYHO OOWIMpHbIe MW eCTeCTBeHHbIe HX 
HaKaccbl, B KOTOPbIX CTpyKTypHas OlpesedAeMocTbh yxe OyeT HMCTb MecTo. 
HekotTopble IipHMepbI Takoro pola MbI HHxKe IpHBefem. Korjla Kacc COCTOHT 
H3 OHOK Momyrpyuny I, To, oveBHAHO, HYXHO FOBOPHTb O CTPyKTYPHOH Xapak- 
TePH3YeMOCTH HIM CTPyKTYpHOH oMmpeyemsemoctTH nowyrpynnp LP. 

Bee cTpyKTypHo onpeyesisemble Klacchl, ipHBeseuuple B (*) (ra. III, n. 7.9), 
B JICHCTBUTeEbHOCTH OMyCcKaloT MpocTy!o CTpYKTYPHYyIO XapakTepucTHKy. 
MbI OTMETHM JIMIIb HeEKOTOpble IIpHMepbl. 

JIemmMma 1. a) [oayepynna V moeda u moaoko moeda Oydem nepuodu4e- 

cKou noayepynnot, ecau xX’ (LT) o62adaem amomamu uu Kaocdoitt 2naeHoiti udean 
6 &’ (1) codepxcum xoma Oot o0UH amom. 

6) B wacmuocmu, 1 moeda u moaeko moeda OyOem nepuodu4ecKkou noayepyn- 
nou c OOnUM Udemnomenmom, ecau cmpyxkmypa X' (T) o62adaem edurncmeeHHolm 
AMOMOM, COOePHCAUMCA 6 KaI#cdOM ee enaeHom udeane. JIA amozo make HeOb- 
xo0umOo uU Oocmamouno, umobu X (T) o6aadana nyzem. 

B) Bce anemenmot noayepynnet T moeda u moaeko moeda tumetom OecKoHe4- 
Holl nopsAOOK, ecau 6 X’ (TY) nem amomoe. 

Vicnoub3yf JoKka3aTebcTBa CTpyKTypHOH OlpeyeAeMOCcTH HeKOTOpbIX 
KJaCCOB NOJIyrpynll, pacCMOTpeHHBIX B (°) (cM. TakxKe (')), MOXKHO YCTAHOBHTb 
COOTBETCTBYIOWMe CTPpYKTYPHble XApaKTePHCTHUKM 3ZTHX KWAaACcOB (MemMMa 2, Teo- 
pemb!I 2 u 3). 

JiemMmMa 2. Jlaa mozo umo6er noayepynna VT Oolaa 6eckonewnol yuKaude- 
cKou epynnou, HeoOxodumo uU Oocmamo4Ho, umobor X' (1) yOoeaeméeopsaa cAedyto- 
LUUM YCAOBUAM: 

a) &’ (L) codepocum eduncmeennoti amom E. 

6) B &’ (LT) wmewmca Oca 6saumno OOnOAKUMeAbHOLX OOHONOK PoleatroluuUx 3Ae- 
menma A u A, nopoocdaroutix OecKOnerNble 2naeHole UOeaAot. 

B) Jlt60% omauuneiti om E odnonokpeeatowuti aaemexm u3 X' (T) npunadze- 
eum odHOMY us uUdeanoe (A), (A). = 

r) Ecau A’ — aaemenm, nokpoieaemoiti A, mo A €(A’, A). 

Teopema 2. J[2a mozo umo6e noayepynna VT 6olaa epynnott 6e3 Kpy4e- 
HUA, HEOOXOOUMO U OocmamouHo, umobo. X'(T) codeporana eOuncmeenneitt amom E 
u Kadcdoitk OOHONOK poiearolutl aaemenm us X'(T) moscHo 6ela0 eKAKOLUMb 6 NOd- 

empykmypy, yOosremeopsuowwyto ycaosuam a) — vr) Aemmot 2. 


t4 


 Teopema 3. Aa moeo umobu Ne T 60.2a HenepuodurecKkou epyn- 
10H, HeEOOXOOUMO 1 Oocmamo4HoO, mob X'(T) yOoeaemeopsaa caedyroLMUM YCAO- 
3AM: 

a) X(T) codepocum eduncmeennout amom E, 

6) 3'(L) codepocum odnonoxkpeiearowuue anemenmol, nopooOaruue OecKoHeXd- 
dole 2AABHbIE UOEANLL, U KaoKObiti US MAKUX IACMEHMOE MODCHO BKAIOUUMb 6 NOO- 
smpykmypy, yOosaemeopst0iwuyto YCAOC6UAM a) — 1) Aemmot 2. 

B) Beakut odxonoKkpowarwtut asaemenm CE X'(T), nopoocdarowmutl KoneuHeiti 

abet udean, codepstumcsa 6 HeKOmopom udeane (A, B), 2de C&(A), aB— 
OHONOK polearoujuit aAemMeHM, nopodrcOarmuuUt GecKoHerHolll 2naeHolli uUOear. 
_ Xora nmepvoguyeckue nouyrpyntibl C OLHUM HeMNOTeHTOM CTpyKTYpHO xa- 
DakTepusyioTca (emMa1,6)), BaxkHeluIMe HX 4aCTHbIe Cryyan — mepHomuuec- 
KMe PPyNMbl HW HMbMONyrpynnbl (cm. (’,°)) cTpykTypHO He onmpekematoTCA, UTO 
MOKASbIBaIOT HPOCTbIe IpHMepbl. OHaKO MOXKHO yKa3aTb OCTaTOUHO GOVJIbIIHe 
H eCTeCTBEHHbIe HaMKMACCbI, B KOTOPbIX HMeeT MeCTO JaxKe CTpyKTYpHad xapak- 
PepH3 yeMOCTb aTux KjaccoB. Jia TepHowMyecKux rpynl TakKHM HayKsaccom 
Gy ner Kslace Mowyrpynn c eqvHutel. 

Teopema 4. J[za moeo umob6e noayepynna V c edurnuyeti 6v1aa ne puodu- 
leckoul epynnot, HeoOxodumo u Oocmamouno, umobet X([) ob6aadana nysem. 
HekotTopble BaxkHbIe MoKIaccbl Kyiacca TlepHOAM4eCKHX py TakKe CTPyK- 
rypHo XapakTepH3yioTCA B KJlacce MOJyrpynn c eMHULeH. 

q Teopema 5. J[za moeo umob6or noayepynna Tc edunuyeti Ovtaa nepuodu- 
wecKotl AOKANGHO YUKAUMECKOL epynnot, NeoOxXOOUmMO  OocmamouHo, umobot D (T) 
Obila OucmpuoymuUBHOlL CmMpyKmYpott Cc HYyAeM. 

 Teopema 6. J[za moeo umo6et noayepynna Vc edunuyet Gotaa KOHeYXHOt 
YuUKAUYeCKOU epynnott, HeOOxOdUmMO uU Oocmamo4No, wmode X (LT) Oblaa KoHe4noti 
ducmpubymueHol cmpyKmy pot. 

- Jina uumenomyrpynn Takum ecTecTBeHHbIM Halkslaccom OyyeT Kacc Mowy- 
rpynn ¢ Hyviem. 

Teopema 7. {za moeo umo6ol noayepynnaT c xyrem Oolaad HUuAbNOAY- 
epynnou, HeoOxodumo tu OocmamouHo, umobot X(T) c6aadana HYyAem. 

_ IIpu foka3atTeibcTBe 3THX TeOpeM CYIIIeCTBeHHYIO POJb Hrpaer cueqyroulaxn 
_Jiemma 3. Iloayepynnal’ moeda u moaoko moeda Oydem nepuodu4ecKot 
WoAyepynnou c OOHUM UdemMnomeHMOM, eCAU OHA ABAAeEMCA pacuupeHuem (cM. 
%) nepuodureckolt epynnot G npu nomowu HUABNOAYe PYNNel. Jaa 3a0aHHott no- 
wepynnot T epynna G onpedeasemca eOuncmeexHoim OOpaz0M U ABAReEMCA Hau- 
weHoluum udeanom 6 T (a0pom YL). 

| HwapnoreHTHble WH JOKaIbHO HMJIbNOTeHTHbIe Nosyrpynnp (cm. (’,°%)), co- 
TAaBMAIOWNe BaKHbIe MOAKMAcchl KWacca HUWJIbMONyrpyln, TakxKe CTpyKTyPHO 
IpaKTepH3ylOTCH B KJlacce Mowyrpyn c Hye. 

[Teopema 8. 2A moeo umobu noayepynna Ic x HYAeM Oolad HUABNOMeHM- 
0% noayepynnot, Heo6xodumo u Oocmamouno, umobot & (LT) umena nyao 0 u 06- 
Oana KonedHoim p0om aaemenmoe 0 = Ho < Mi <...< Hy= 1 (1 — edunuya 
(T)), ece unmepsaner |H;, H:1,) Komopoeo cyme cmpykmypot c OONOAHEHUAMU 

Ueige, hk |. 

Teopema 9. Ina moeo wmode noayepynna V c nyAem OblAA AOKAAGHO 
enomexnmHou noayepynnoti, neoOxodumo u Oocmamouno, umobe @ & (T) 
WHECINB0GANA AOKANDHAA CuCMeMa, 6Ce 9ACEMEHMbL KOMOpPOL noposxcdatom eraéeHole 
Deanol, ABARMOLULECA CMpyKmYypaMu, YyOoBAeMeopsIOWMU YCAOBUAM meopemel 8. 
Mbt roBopu¥M, 4TO 3IeMeHT X IIpOH3BOMbHOK Nosyrpynnbl LP aBsaeTcA CBOHM 
JUTECNEM, ECM CyIleCTBYIOT TaKHe SJIeEMeHTHI 21, g2 El’, uTO cupaBer- 
{BO XOTA ObI OHO H3 paBeHCTB X = Q1xX, X = xXG2, X = PiNge. 
IIpu AoKasatTembcrBe TeopembI 8 cyllecTBeHHYy10 pONb urpaeT cieqyioulas 
2MMa, NpelcTaBAollanh W CaMOCTOATeJIbHBIM MHTepec. 
Jlemma 4. I[Tycme H — makaa nodnoayepynna npouseorbHou noayepyn- 
tT, umo mnoowecmeo T \. H xe codepocum saemenmos, Aerntoujuxca ceoumu OeAu- 
MAMI. Tozda unmepean |H, T] 6ydem cmpyxkmypoti c OonoaneHuamu 6 mom u 
monvko 6 mom cayuae, ecau T? CH. 
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Ilycrp & — npousBombHoe HernycToe MHoxecTBO. Uepes Vo o603HauHM No- 
ayrpylmy Bcex ynopafouenupix nap [a, B] (a, B.€ &) c npucoequHeHHbIM CuM- 
BOJIOM 0 OTHOCHTeIbHO YMHOKeHHA: 


He 6], ecau B=y, 
0, ecnu B71, 


E.C. JIammupim B (2°) usy4atucb CBOcTBa Nosyrpymnb Vo, Obwla Nosy4eHa 
aOcTpakTHad XapaKTepvcTHKa MH BbIACHeHa BaxmkHad polb Vg Kak MomMouy- 
rpyMubl B Mosyrpyniie BCeX B3aMMHO-OMHOSHAYHEIX YaCTHYHBIX NpeoOpasopannhi 
MHO?KECTBA 

Teopema 10. /ycmb muoocecmeo 8 cocmoum Oonee 4em us OOHOZO 3.2e- 
menma. Toeda noayepynna Vg cmp ykmy PHO onpedeasemca. 

BecbMa JJIMHHOe JOKa3aTeMbCTBO STOH TeOpeMbI OMMpaeTca Ha pacematpH- 
BaeMbIli B Havawle UacTHbIM cmyyali, Korga 9 COCTOHT H3 JBYyX 3JIeEMeHTOB. 

Ucnosmb3ya Metox, paGotst (*) (cM. Takxe (')), MOXxXHO YCTaHOBHTb CTpyKTYyp- 
HY1IO OMpefesAeMocTb KJlacca CBOOOAHEIX NOyrpyNl, pacCCMOTpeHHOrO HaMH 
Be u(t): 

ali : opemMa ll. Bcakas cmewannas ceobodnan noayepynna cmpyKkmypHo 
onpedennemcs. 


[a, B]-fy, 6) = [a, BJ]-O = 0-[a, B}] = 0-0 =0. 


YpaJibckH fTocyapcTBeHHBI YHHBepCHTeT Tlocrymuuio 
um. A. M. Toppxoro 15 XII 1960 
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Floxnagn Akagemuu nayrx CCCP 
1961. Tom 138, Ne 1 


FHHPOMEX AHHKA 
A. A. BAPMHH 


MlOBEPXHOCTH PA3PDbIBA C BbIJEJIEHHEM HWJIM MOPOWWEHHEM 
SHEPrHMH B MAFHHTHOM FTHAPOJMHAMHKE 


(IIpedcmaeaeno akademuxom JI. H. Cedosoim 25 I 1961) 


PaccMOTpHM IIOBepXHOCTH pa3pbIBa C BbIeeHHeM WIM MOrOuleHHeM 3HeEp- 
PHH B SJIEKTPOMpOBOALLeH Cpese Np IpOv3BObHOM MarHuTHOM Mose. IIposo- 
[MMOCTb Cpefbl OyeM CUHTATb OeCKOHEYHOH, a BHYTPeHHIOIO 2HEPruio 3alaem 
peBunes p/(y — l)p + C. 

YcMOBUA Ha pa3pprBe (1,”) MOxKHO paspellIvTb B,ITOM CuTy4ae B CJesyTOllleM 
3H ke: 


SNS eae (1) 
Cp Wiz al: (2) 

AP = Ah [z— 4/, (Ah + 2hi)}; (3) 

NPR Nhe (4) 

AR = Ahz/(z + 1); (5) 


Bee Mh (1) Ah\ 22 Ah (hos YeP a — | a 
1), (yy — 2) mAh) + ing) — Ah [AA + 2h] — 2q = 0. (6) 


: 
Aujexc ‘) cooTBeTCTByeT BeMUMHaM Tepe pa3pbiBOM, HHAeKc 2 — 3a paspbi- 
30M; fh; = H,;/H,; = tg a, rye a; — yro MexKy MarHUTHbIM MOJIeM MH HOp- 
faJIbIO K TOBEPXHOCTH paspbiBa (i ah 2); —z — KOTaHreHC yrvla MOBOpoOTa CKO- 
JOCTH'B Pa3spbIBe; Vi HM Vg—CKOPOCTH JIBHXKCHHA MOBEPXHOCTH pa3pbiBa 
THOCUTeIbHO rasa Mepe_ CKaYKOM HU 3a CKaUKOM, pa3jeJleHHble Ha aubtp- 
‘eHOBCKHe cKopocTu Va; = H,/V4np; a 4» @_—CKOPOCTH COOTBETCTBEHHO 
BICTPLIX H M@JVJICHHbIX MArHHTOruApOMMHaMuYecKHX BomH; AP = Pe — Pi = 
Ps Px 


ae CKa¥oK Oespa3MepHoro JaBseHusa Ha pasppiBe; AR = (pz — p1)/p1 — 
n 


(pa + H3/8%) — (pr + H7/8x) 
H? Ax 

KauyOK HMOMHOTO aBsJIeHuA Ha pa3spbIBe; g — (y2—1) Cer ee 

He vm. i— 1 Hho 

fe Q — BbIJeHBUIAACA UH MOPIOWleHHad 2HEprHuA oSpasonanns. Jia 9K30- 

apMHYecKHX peakuNl g > 0, BAA aHMOTepMuuecKHX g < 0 (*). 

Kak HW B OObIMHOH ra30BOH JMHaMMKe, MbI OyeM pacCMaTPHBaTb pa3pbIBbI 
3yX BugoB: 1) NeTOHAaIHOHHbIe paspbIBbI, KOra 10 HCXONHOMY COCTOAHHIO HET 
ayaa yapHan BoHa, a cpa3y 3a Heli 30Ha peaKIHH, H MOSTOMY CKOpOCTb 
MIHbI HAXOMUTCA U3 pewieHua 3aqauu; 2) paspbIBLI THNa ropeHua, Korma 30Ha 
*AKILHH UeT TO HCXOJHOMY COCTOAHUIO; CKOPOCTb PaspbiBa IIpH 9TOM 3afaeTcA 


} 
: 


KauoK Oe3pa3MepHOH MIOTHOCTH Ha pasppiBe; AP* = 
| +e 
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Kak JOMNOJHUTeIbHOe COOTHOLIEHHE, ONpPeesiieMoe U3 YHCTO (PH3HKO-XHMH4ECKO! 
3aaun. 

VMccneqopanne cooTHomenui (1) — (6) nNoka3biBaeT, YTO ZSBOJIIOLMOHHBIMU 
OyYAYT CeLyIOulHe THI! paspbIBoB. 


I. PaspHBb c BHAeCTeCHHEM 9HEPIHH (Gq >Q) 


I. 1A. CpaepxanpbpeHoBCKaA ReETOHANHA — paspHB,. 
CKOPOCTH pacipocTpaHeHua KOTOpOroO Mo ra3sy Nepey H 3a pa3pbIBOM yAOB,Ie- 
TBOPAIOT HepaBeHCTBaM VU; > Gj, Vs < a3,. B Hem 30Ha peakUHH cseqyer 3a 
ObICTpOH MarHHTOrHAposMHaMHYeCKOH ylapHolt BoHOH. Ha 3TOM pa3ppiBe 
AP >0, AP* > 0, Ah > 0, 2/(y2 — 1) > AR > 0, a vj > v5. Makcumanp- 
Hoe 3Ha4ueHve CKadKa MOTHOCTH JocTuraetca mpH Ah = 2hi/(y2 — 1), Hesapu- 
CHMO OT BBIJ@HBIUeHCH QHEprHH q. 

I. 16. HoanmpgmppenxyospcKac AeETOHALH A — pa3pHIB, CKOpo- 


CTH paciipocTpaHeHusl KOTOpOrO yJOBJeTBOPAIOT HepaBeHCTBaM aj < v,<l, 


v3 <a3_. B 9TOM culy4ae 30Ha peakUMH CJeLyeT 3a MeMIeHHO MarHuTOruApo- 
MHaMU4eCKOli ylapHol BoHOH. Ha sToM paspbiBe co >> AP > 0, co > AP* >0, 


0 > AR >0, —h < Ah <0, a vi > v3. Ipu gocraTouno 6ombuIOM BbYese- 
HMM SHeprun g > q, 9TOT THM eTOHauu oTcyTcTByer. IIpu 3TOM g, = 4/sh; 
mpu 6 = 4/oyohi +Y2P1— 1 > 0; gy = Yoht +4/2 (ye +1) pw —1 cbc —1 4+ 
BEY eine ee Bbipakenue g, qin 0 >6 >—!1 4Vi1 —=(¥s— 1m 
6omee TPOMO3IKO. | 

C yBemmuenveM g oT 0 20 Gm (vy) pH PUKCHPOBaHHOH CKOPOCTH vj CKOPOCTb. 


U; YBEIMUMBaeTCA LO 3HaYeHHii a>, WH @3_ COOTBETCTBEHHO B CBepXaJIb(pPBeHOB- 
CKOM H JloaJIb(pPBeEHOBCKOM pa3pbIBe, IpHueM abHelulee yBeH4eHHe Vv; Ipo- 
HCXOJMT NIpH yMeHbileHHH g. TouKH, B KOTOPbIX g MA@KCHMaJIbHO, SABJIAIOTCH’ 
aHaJloraMu Touek )Kyre B ra30BoH JHHamMuke. C yBesIMYeHHeM G CKa4KH MIOT- 
HOCTH, MOJIHOrO JaBJIGHHA HM MAFHHTHOTO MOJIA YObIBaIOT NO HEKOTOPHIX 3Ha¥e- 
HHH, COOTBETCTBYIOWIMX TOUKaM )Kyre. | 

Jima pacueta jleTOHallMH JOCTaTOUHO 3ajlaTb HavaJIbHble aBJeHHA, JlOT- 
HOCTb, MarHHTHoe Nowe, g H OHY H3 BemHuNH Ah mu6O Z, XapaKTepu3ytollHx 
MHTCHCHBHOCTb pa3pbiBa. Torga 43 cooTHOmeHHA (6) onpefemaem z mH60 Ah, | 
a 3aTem ro (1) — (5) HaxoJHM ocTaJIbHble BeJIMYHHbI. SaMeTHM, 4TO IPH (bukcu- 
popaHHom Ah Benuununt AP, AP*, AR pu cBepxastbdBeHOBCKOH AeTOHaLHM 
OombWe, YeEM B OBICTPhIH yqapHOl BONHE, a IPH LoadbPBeHOBCKOH JeTOHAaLUE 
MeHbIUe, YEM B MeJWICEHHOH yapHOl BOJIHe. 

I. 2A. BriicTpoe cBeEpxXaAbMBeEHOBCKOe FTOpeHH em 
paSpbIB, CKOPOCTH pacipocTpaHeHHA KOTOPOrO YJOBJIETBOPAIOT HepaBeHCTBaM| 
vi > ai, U3>>a3,. Ha stom pasppie AP >0, AP* >0, 0 >AR>O 
oo >> Ah > 0, a vi > v3. Stor Tun ropeHua cooTBercTByeT B rasoBoi WHHa4 
MHKe IlIaMeHH C MpHHYAHTeIbHOH CKOpOCTbIO, HHOTa Ha3bIBaeMoMy c.laGoiil 
jeTOHallen. 

I. 25. buetTpoe FoanehPBeHOBCKOe -TOPe HH C— page 
PbIB, CKOPOCTH KOTOporo YOBJeTBOPAIOT HepaBeHcTBaM aj. < vi <1, 
a <u3<1. Ha stom paspprwe co > AP>>0, oc > AP*S>0, 0 > ARS G 
0 >Ah >—1, a vj > v3. Stor Tun paspbIBa He UMeeT MecTa NIpW Tex «Ke 
3HaYeHHAX Gi, YTO HW LOabPBeHOBCKaA MeTOHAHA. 

C yBenuyeHuem g oT 0 0 Ym (vy) WpH MOCTOAHHOH Vv, KBallpaT CKOpOcTH V5 
yMeHbIlaeTcH OT Vj AO 3HaveHHH a2, WH Q3_ COOTBETCTBEHHO B ObICTpOM CBEpXx 
aJIbPBEHOBCKOM H JOaJIbBeHOBCKOM pa3pplBe. IIpu g = q,, (V,) Mbl HMeeM TOU- 
KH )Kyre, KOTOpbIe ABJAIOTCA TPAaHHUHbIMH MEXKy JeTOHALMAMH HW paspbiBaMi 
ropenua 9Toro Tuna. IIpH yBeqH4YeHHH g Tp MOCTOAHHOM VU,” CKa¥KH IJIOTHOCTH 
NOMHOTO [aBAeHH U MOAT yBenMIABaloTcA OT 0 0 HEKOTOPHIX 3HayeHHii B TOU- 
Kax )Kyre. 
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Peo MeEeTNEHHOe CBeEpxXanbhBeHOBCKOe FOpe Hh e — 
PpaspBIB, CKOPOCTH pacipocTpaneHHA KOTOPOrO yAOBJeETBOPAIOT HepaBeHCTBaM 


hee, = a;., |< v;<a3;. Ha stom paspppe AP*< 0, "AR < 0, 
—1 <Ah <0, a vj < v3. [asoqunamuyeckoe jaBseHHe MOXKeT KaK BOSpa- 
cTaTb, Tak H yObIBaTb. IIpu ZocTaTOuHO OobIIOM BbIAeeHHH 2HEPrHH (gq > qe) 
3TOT THM paspbiBa He MMeeT MecTa, TIpH 3TOM 2g, = Ai + 6/(y2+ 1) aaa 6 > 0; 
2q2 = hi nna 8 < 0. Stor Buy pasppiBa cooTBeTcTByer B Ta30BOH JMHaMUKe 


pexkHMy YTOpeHHA C JO38BYKOBOH CKOpOCTbiO. 
Perl. MenqueénHoe fzoanmpdepenopckoe 'ropenue— 


pa3pbIB, CKOPOCTH KOTOpOorO yyOBJIeTBOPAIOT HepaBeHCTBaM 0; < Q}_> 
U3 < a3_. Ha 9ToM pasppipe co < AP <0; 06 < AP* << 0,AR <0, Ah > 0, 
a 0; < Us. STOMY THMy TopeHusA HET COOTBETCTBUA B TasOBOli AMHAaMUKe. 

B cayaaax MeqeHHOro JoambBeHOBCKorO U CBepXaJbBeHOBCKOTO paspbI- 


BOB C yBeM4eHHeM g OT 0 10 Gm (v1) Ip MOCTOAHHOM V, CKOPOCTb VU; OyzeT yBe- 
JHM4HBATLCA OT VU; NO A> HW A531 COOTBETCTBEHHO, MpH4eM asbHelimee yBemM4e- 


He U3 MpOMCXOAMT MIpH yMeHbiuenuu g. TouKa, B KOTOPOH g = Gm, ABJAeTCH 
_aHasioroM TOUKH PK yre B ra3soBol WHHaMuKe. C yBeMyeHHeM g aOcoJIOTHAad Be- 
| JM4MHA CKAYKOB NOJIHOFO LaBJICHHA MJIOTHOCTH MarHUTHOrO NOJIA YBeJIMYMBaeTCH: 
QO HEKOTOPHIX KOHeYHBIX 3Ha4deHHH. 

Jia pacueta pa3pbiBop THMa TOpeHHA OCTaTOUHO 3ajlaTb HaYaJIbHbIe aB- 
AeHHe, MIOTHOCTh, MarHHTHOe Moule, BHIeNMBIIyIOCA SHEPrHlo gq MU CKOpOCTD: 
 pasppiBa v,. Tora u3 (1) vu (6) onpenenstotcs zu Ah, a mo (2) — (5) ocTambute: 
- BeJIMUHHBI. 


I> PaspHBH c NOTAOmeHHeM DHE PAH 


Il. i1A.CBepxanabpBeHOBCKHH paspHB NOrAomeHHaA 
BxcTOHAUMOHHOTO, THMa— paspbiB, CKOpocTH paciipocTpanenua 


_KoToporo YAOBJIETBOPAIOT HepaBeHCTBaM Vv; > aj., U2 < Gy. B HeM 30Ha 
“peakiiHu cilelyeT 3a ObICTpoli SET EY NEVE Noe yAapHo BomHOn. 


“Ha stom paspripe AP* > 0, AR > 0, Ah > 0, a vi > v3. CKayoK JaBseHusn 
“HOMOKUTENCH TPH MavIbIx |q| MH oTpHiatTeien pu Sombumx |q|. IIpa HeKxoro- 
‘pom q=q* (Ah) AP = —P1, 4TO cooTBeTCTByeT paBeHCTBY HYJ0 JaBJeHuA. 
“3a pasppisom. IIpu dbuKkcHpoBaHHOM vi C YMeHbUIeHHeM g CKa4KH IWIOTHOCTH! 
NOMHOFO JaBJICHHA HW MarHHTHOFO MOA BOSPacTaIoT. ITOT PasPbIB COOTBETCTBYET. 
aHaJIOrH4HOMY pa3pbIBy B ra30BOH JHHaMHKe. 
m Il. 16. Doanpgmspenospckuh paspHB NHOTAoOMenHH & 
SeTOHAMHOHHOTO THNa— Beer: cKOpocTH pacp pect pa soeye KO- 


‘Toporo yAOBMeTBOpPAIOT HepaBeHCTBaM iis cite tn aa Ap < ay B HeM 30Ha: 
peakituH HyeT 3a pone MarHUTOFHpOLMHAMUYecKOli yapHOH BOJTHOH- 
Ha atom pasppipe | -- "/h72 > AP > 0,1 > AP* > 0, AR>0, —1 << Ah<0, 


& 2 
a Ui. IIpu WOCTaTOUHO OOJIbUIOM NOriOuLeHHH 3HEPrHu 2q es 


< — [2yeP +(ye — 1) (h2++1)] stor Tan pa3pbIBa He HMeeT Mecta. C yMeHb- 
tmennem g oT O Jo go pH (bUKCHpPOBaHHOM V1 CKaYOK IWIOTHOCTH yBeJIMYMBaeTcs 
WO OecKOHeYHOCTH, a CKaUKH MOHOrO HM ra30,MHaMHYeCKOrO aBJIeHHA BO3pa- 
leTaloT Jo vy, V; (vjh{ + Ay + 1) coorpetcTBeHHO, MpHueM v3 MafaeT Jo HyAA. 

I]. 2A. Buctppyh cBepxaatb@BeHOBCKHH pa3zpHuB 
€ SHAOTCPMHUYeECKOH peaKUUe H — paspbIB, CKOPOCTH pacripo- 
CTpaHeHUA KOTOporo yOBMeTBOpAIOT HepaBeHCTBAM vi >is, Uz > G+ 
| Lb sToM pa3ppipe AP* <0, AP <0, —l/m < AR <0, —1 < AR< 0, 
| 2 ae 
Uy << Up 

Hl. 26. BrctTpyh RoartbhP@BeHOBCKHH paspHB C 9 H- 
OTEPMHUYeECKOH peakuHNe li — pa3spbIB, CKOpOcTH pacmpocTpa- 


7% 


HeHHA KOTOPOFO yAOBMeTBOpAIOT HepaBencTBaM ajy_ < vj <1, aj <wy<l. 
Ha 3Tom pasppipe AP < 0, AP* < 0, AR <0,{ Ah > 0, ees 

B o60ux mocweqHuX Cy4YaAX pH 3aaHHOM v1 aOcOJOTHAA BeIMYMHAa CKa¥- 
KOB JaBJIeHHA, MOMHOPO JaBJeHHA, MIOTHOCTH H MarHHTHOTO Movs BO3pacTaloT 
C YMeHbIeHHeM g, IpH4eM pH HeKOTOPOM q = q” (v1) WaBJeHHe 3a paspbIBOM 
CTAHOBHTCA gna (AP < Pi). pu stom B CBepXa/1bpBEHOBCKOM pa3- 


pbipe Wa g << — ue P, AP <—P, npu mo6pix vj. 


Il. 2B. MeqaneHHHH cBepxaIbPBEHOBCKHH pas pHB 

€ S9HROTepMUYeECKOH peakW&u ek — pa3pbIB, CKOpOcTH pacnpo- 
z 2 2 2 2 
-CTpaHeHUA KOTOPOTO yAOBJIeETBOPAIOT HEpaBeHCTBaM lL<uy ayy, 1p <a. 
§ 2 2 

Ha stom pasppiBe AP*>0, AR>O0,! Ah>0, a vg < 03. CKauoK - 
-OObIWHOrG JaBJICHHA MOKeT ObITb KaK MOJOMKHTEIbHbIM, TAK HM OTPHIULAaTeJIbHBIM. 

IIpu 3ayjaHHoM v? C yMeHbINeHHeM q CKaYKM NOMHOTO LaBseHHA, TIOTHO- 
‘CTH, MarHuTHOro Toss Bospactator. Jia g = g(t Pid unpatss a +h; 
uw wa g = Onpu v1 <1-+A{ ckayok gaBnenua paBen uysto. IIlpu qaanp- 
HelieM yMenbiueHuH g AP yOpiBaeT uw pH g=q*(u) AP = —Pi, uTO 
-COOTBETCTBYeT HYJICBOMY JlaBJICHHIO 3a CKa4KOM. 

Il. 2b. Mexqnenunh, ROARS PBeHOS CK mH pas pe eee 
9HROTepMHYeCKOH peakKWueH — pa3spbiB, CKOpOCTH pactpo- 
CTpaHeHHA KOTOPOrO YOBJeTBOPAIOT HepaBeHCTBaM V?<a?, v2< a>. 


Ha 9ToM pasppiBe co > AP > 0, co >AP* >0, AR> 0. IN eG ee 
> v2. pu 3agaHHom uv; Cc yYMeHbINeHHeM g CKaYOK MNMOTHOCTH BO3pactaeT 0 Gec- 
KOHC4HOCTH, a CKAUKM JaBJleHHA, MOJHOFO aBseHUA HM MarHUTHOTO MOA BOs- 


pacTaioT 0 HeKOTOPbIX 3HaYeHH, IpH 9TOM Vv, MagaeT Jo Hyaa. na Gomburux 
NOrOuleHHH 2HeEprHy 


een CRs mat ewes rarrrag,) F 
219) > 212Py +} 5 (i 12Pa 1 —V (hi oP 1) +4) 


3TOT THI pa3pbIBa He MMeeT MECTA. 

oastbdBeHOBCKHM THIaM pa3pbIBOB HeT COOTBeETCTBHA B OObIMHOM rasoBoli 
IWHaMuKe. Pa3spbIBbl C MOrOWleHHeM 3HEPrHM pacCUHTbIBaIOTCA TaK »%Ke, KaK 
B CyuadX C BbIeleHHeM SHEprHn. 


Hay4Ho-ucclemopaTeJIbCKHH HHCTHTYT MeXaHHKH Tloerynuso 
Mockosckoro rocyapcTBeHHOoro YyHHBepcHuTeta 24 1 1961 
um. M. B. Jlomonocosa’ ; 
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Hoxazagn Akazemuu nayx CCCP 
1961. Tom 138, Ne 1 “ 


PHIUPOMEXAHHKA 


B. A. CKPHNKHH 


OB OXHOM TOUHOM PELWIEHHH YPABHEHHH OJHOMEPHOR 
PEJIATHBUCTCKOM FHAPOMMHAMHKH CO CKAUKOM 
NPEOBPA3SOBAHHA OCTATOUHOM MACCbI BELIECTBA 


(ITpedcmaeneno axademuxom JI. H. Cedosoim 1 XI 1960) 


B pa6ote (*) HaMH YCTaHOBJIeCHbi asreOpavyeckHe HHTerpasibl PeIATHBUCT- 
CKUX YPaBHeHH BWKeHUA VeambHOli cnoWHOl cpenE 
=r [(e + p) uu” — dp] = 0, 
x 
6) : 
me (Pit) =O! A (i, BHO LY2, 3), 


Te €—BHYTPeHHAA SHEPruA MOKOA eHHUIUbI COBeMa Cpefbl; p — WaBseHHe; 
p — ocTaTOUHad NNOTHOCTh MoKos; wu? —4-ckOpocTb YaCcTHIIbI. 

PaccMoTpuM cJlygal naockoro OfHOMepHoro ABMxKeHMA, Kora cpelHn 
ONpesensOuluX 3ayaty KOHCTaHT MMeeTCH, KPOMe CKOPOCTH CBeTAa B TyCTOTEe C, 
eile OfHa KOHCTaHTa @ C pa3sMepHoctTbio [a] = ML™. Tlonoxum, B coorTset- 
CTBUM C OOmei Teopvell pasmepnoctTH (2), 

C= Ome RNa, p =<acer P(A} 
; ; (1) 
‘ fi r 
, Fr = VHA), A 
Pye R, P, V—O6e3pa3mepHble tbyHKUMM; 7— paccTOosHHe OT Havaia KOOpAH- 
nar; ¢ — Bpems. B paccmaTpHpaemoM cilyyae CyllecTByloT TpH MHTerpawa, 
Aarolue oOulee peliieHve MOcKOH aBTOMOJembHOH. 3afauH. Ecau ypaBHeHue 
cocTosHus Cpejibl UMeeT BUI 


Bho Pp ae 
» —& = pc 5 eicear x ? 


TO yNOMAHYTHIe HHTerpasbl MOKHO 3alucaTb B ope: 
WHTerpan Macc * 


RV —A)/AVI—V? = ay; (2) 


A 
ere aJl 3HeprHu 


P(E +_2,)a—y—20—v9} 2.0 —9) <a (3) 


quTerpasl MMITy JIbCa 
{/ R T —Vy?) = 
P(e +y)va—vy—14+V4/ 40 Hee: “) 


_ * Wurerpan maccni B (1), @opmyana (2, 3), Hamucan c ommOxou. IIpaBuabHo OyzeT 


6,R(V—A) 
v—k—3 es : = 4 | 4 
x 3 [2-3 s) M 5d ae | const 


! LAH, r 138, Ne 1 St 


Te Ay, Ae, dg—Gespa3smepHbie noctosHHBIe. M3 coorHomennit (2)—(4) nonyyae 


R=a,\V1—V?/(V—A); (E 
AVI—- V1 +b Vi—V? ihe 

Pi uae err aes (é 

Be Vi cea fe 


(1—1) V Vi — V2 4+ bs [(y —1) V2 + 4] — boy 
rye b, = @_/a,, bs = a3/a,. Ecnu 3a HauaJbHble yCOBHA MpHHATb 


N= co | (tS) VOIR ee al. (s 
To bs=0, a. =—1, 2 =—7/(y—1), a=7/(7— 1), ag = 0, Ht 
B OKpecTHOCTH A = oo (O6sacTb |) uMeeT BUT 
R=AV1I—V2/(A—V); = ( 
IRV (—& ;Vi-Ve—1) 
P = (1) aR qi 
ogy cc Ce) eV Sie ee eee (1 


rv — (11) Vi 


STO pellleHHe HempepbIBHO JO LeHTpa CHMMeTpHH He NpofomKaetca. Ut06 
BbIIeMTb 43 OOllero pelleHua KpuByio V=V(A), mpoxogauyro yepe 
rouky 4 =0, V=O0, Heo6xozumo B (7) nonoKUTD bs = —1. Tlonyuennc 
B pesyJIbTaTe 2TOFO Apyroe YacTHOe pellieHHe AOJKHO COYeTATLCA C peleHHe| 


4HHaMH MOTOKOB OCTaTOUHOM MaCCbi, 9HeEPpruv HW MMMyJIbCa yepe3 NOBepXHOcyT 
pa3pbiBa. 
PaccMOTpHM BMeCTO YCJIOBHA COXPpaHeHHA OCTATOUHOM Macchi COOTHOLIeHY 


Pi (01 — D) eee a v =V (2) (14 


V 1 —v02/c2 Vite u/c? 
rt 


rye D—ckopocTb NOBepXHOCTH pa3pEIBa, a g — dusHyecKan XapaKTepHCcTHK 
mpouecca. Ina coxpaHeHHA ABTOMOJeJIbHOCTH MbI JOJDKHbI MOJOKUTb g 


= p,cf oe a 
mepemMeHubix (12) 3annmerca 


\/ V1 — v3/c? u/c? , rye f — OespasmepHaa cdbyHkunsa. B OespasmepHBl 


aes (Vi—A*) oil} Ro (V2—A*) a Q(K*) nes (13 


2 2 
Vi-v Vie 
rye ° — sHaueHve A Ha CKa4uKe, a 


Torga, ecmM mo oe cCTOpOHbI! cKadka JBMxKeHHe afnaOaTHIHO, 


Ro (Vz — A*) = aA" Vizva V;, re &,— uHTerpanbHaa KOHCTaHTa. 3amens 


B (5)—(7) mocTosHHple a;, 05, 63; COOTBeETCTBeEHHO Yepes o,, Bo = ao/ | 
Bs = @3/o,, MbI Ha OcHOBaHHH (13) H Toro, 4TO AA KpuBO V=V (A), of 
xosiueH yepes Touky A =0, V=O0, B, = —1, nonyuum : 


= —a,=a,—Q(A’), 
OTKYy la 
e 4 
QM) Gi setae b= — —— 
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Crofictpa ra3a Mocie NpoxoxKeHHA paspbiBa MoryT H3MeHHTHCH. Tlostomy 
3 (7) y cHenyer 3amMeHuTb, BOOOMIe TroBOps, Ha Y1=FY¥- Torga ¢ Apyrok 
TOPOHbI CKauKa (OO/acTb 2) OyeM HMeTb 


_ yVi-v? 
R=G—0a— i 
pz rim— 1 AVI- Vv? Vi—-V? —1) : (17) 


1) 1 (1 — 1) V?#— a AP? 
5) ema se a 


heeds 18 
| V [i— (11 — 1) V1 — VV] ue) 


SooTHomleHHe (14) c yuetom (15) cay2xHT mi onpefeneHus cKOpocTH JBH- 
KeEHHA MOBepXHOCTH paspbisa A”: 


M = Va + (y—1) (4). 


Ha pue. | u 2 mpeazctaBseHbl rpatbuku dynKunh V, P, R B 3aBHCHMOCTH 
7 A Win sHaveHnlit y= “/s5, Y1=°/s, NOACuNTaHHBIe 0 hopmysam (9)—(11) 


! 
»\ 


- ae oe 
V : 
os 


+ 


atte a at 


Puce. 4 


H (16)—(18). Ecau f (P;/Ri) =°/,, ’ = 0,9. Nonysennomy peulenio B He- 
PEJIATHBUCTCKOH THAPOJHHAMHKe COOTBETCTBYeT CJlefyloliee TOUHOe pellieHHe 
311 ep OBLIX ypaBHeHHi: 

3 oOlacTu | 


Py 
7) b a OGY A Le an (> + 4) _ aw, 
» oOs1acTH 2 
2 r a(¥i + 4) 2ar 
} nt ee = = oe eee 
/ eevee te 8 yaar PS eee (20) 


fe a wu b—noctosuHble c pasMepHoctamu [a] = ML®, [b] = LT}, ’=r/bt. 
Yemenusa (19) nu (20) BosHuKatoT us (9) —(11) u (16) — (18) cootBercrBenHo 
i Mpegene npu b/e—>0. Ha ckauke pH 3TOM BBINOHAIOTCA YCJIOBHA COXpa- 
leHHA MOTOKOB MaccbI HM MMMyvipca. YcopHe COxXpaHeHHA 3HeEpruH MOKa3sbr 
laeT, UTO TIPH Mepexoye yacTHLbl yepes cKayOK u3 OGacTH 1 B OOmacTD 2 
. KHHETHYeCKOH SHEPrHH OTHOCHTebHOTO ABHXKeHHA H TensocoLepxa- 


(MA YACTHUbI YMeHbilaeTcA Ha BemuuHHy 0?/(y—1) Ha eHHMLLY MaccbI Be- 


MatematuyeckHli HHCTHTyT HM. B. A. Crek.ioBa Tlocrynusio 
AkajemHH HaykK CCCP 1 XI 1960 


| LMTHPOBAHHAS JIATEPATYPA 


1B. A.Ckpunkunu, JAH, 127, N 2 (1959) ° 1. WH. Cenos, Metogn no- 
MA H Pa3MePHOCTH B MexaHHke, M., 1957. 


a a 


6* 83 


——<S 


oxnagn Akagqemun nayxr CCCP 


1961. Tom 138, Ne 4 
PH3HK. 


Unen-Koppecnonjent AH CCCP JI. ®. BEPEMWArHH, A. A. CEMEPYUAH, 
H. H. KY3HH u C. B. NONOBA 


M3MEHEHHE SJIEKTPHUECKOLO COHPOTHBJIEHHA HEKOTOPDIs 
METAJIJIOB O AABJIEHHS 250 000 KI/cm? 


Hactosijad pa6oTa ABAAeTCA MposoMKeHHeM paHee OMYyONHKOBaHHOH p 
OoTpI (') TeX Ke ABTOPOB M0 HCCeOBaHHIO H3MCHCHHA SeCKTPHYeCKOrO COMp¢ 
THBJCHHA Me€TAJJIOB MPH LaBMeHHAX, MpeBbIMarou4x 100 000 xI°/cm?. | 

Ilembio MocTaBeHHOH paOOTbl ABAeTCA OTbICKAHHe HOBbIX MOJIHMOp@Hbl 
MpeBpallleHHli B MeTasIaX, COMPOBOKMaIOUMXCA CKAYKOOOPa3HbIM H3MeCHeHHE! 
SNEKTPUYECKOFO COMPOTHBICHUA MPH OYCHE O6ombUIHX JaBNeHuax. B pesybTat 

250- 10h fen? uccjeqoBanuli Bpuyxmena (7), MmpoBeqeHHbIx | 

Ppa3JIMUHBIX MeTaiaX WM cliaBax JO aBseHy 
‘ 100 000 xI’/cm?, u pa6otnt Bonzu (*) no da30Bd 
JMarpamme BucMyTa Jo jaBneHua 130 000 xI/c 
OblIO OOHAPYXKEHO 3HAYHTEMbHOe YHCNO NOMHMOPC 
HbIX IpeBpallieHHii B MeTawIaX B ykKa3aHHO 
qManasone jlaBienuli. Usmepenne seKTpuyeckor 
COMPOTHBJICHHA MeTAIJIOB, WMeIOWIMX  CKauK 
QIEKTPOCOMPOTHBICHHA, NpPOMCXoOAAMHe pH saps 
Hee OMpeAeICHHLIX TaBJeHHAX, AB/IACTCA MPOCTbH 
H HaJl@KHBIM crocoboM MO TapupoBKe amnmap) 
TOB BbIcoKoro JaBseHuaA. IIpH HanOomee BEICOKY 
JaBJICHHAX MPOWCXOAAT NOMMMOpduble WpeBpalll) 
Hua B BucMyTte VI—VII (125 000 xI/cm?) ( 
. Q 100 200m u cyppbme (130 000 KT’/cm?) (*), composorkqarouly) 
Haepyska npecca - CAH CKAYKOOOPa3HbIM H3MCHEHHEM 3JIeEKTPHYeCKOY 
compotupseHua. IIpu Oomee BbICOKUX aBsIeHHs 
Puc. 1. TapHposownat KPH- noqyMopdHbIX MpeBpallieHuii He H3BeECTHO, H TI 
Baw KaMeDpbI} BbICOKOrO JlaBJle- 

aa 3TOMY HX OTbICKAaHHe TpelcTaBAAeT HeCOMHCHHE} 

HHTepec. 

ABTopbl Hacrosiieti CTaTbH MPOBOAMIM M3MepeHMe S1eKTpuyecKOrO comp 
THBJICHHA 'BYKaMepe, TaPHPOBaHHOM MO H3BeECTHBIM CKaYKaM 93JIEKTPOCOMpPOT 
BICHUA CeLyIOulUx MetasoB: Bi I—IJ 25600 xI/cm?; Bi II—III 27 000 xI/cw 
Tl 45 000;xT'/cm?; Ba 80 000 xI/em?; Bi VI—VII 125 000 xI'/cm?; onpezenen} 
WaBieHut, mpeBbuuarouyux 125 000 kKI/cm?, Mpow3BOAMNOCb IyTeM 3KcTpai 
asian (cM. puc. 1); mp 9TOM NpesNONarasocb, YTO 3ABHCHMOCTb JaBJIeHHA BH 
Tpu KaMepbl OT Harpy3KH oOcTaeTcA JMHeHHON. 

VUsmepeHua MpoOusBOAHIUCh Ha OOpaslaxX MeTAJJIOB, BBINOJIHeHHBIX B BH 
HpOBONOKH WuaMeTpom oT 0,6 yo 0,8 mm. Cpeqow, mepegatome JaBsenne, Ci 
KUO XJOpucToe cepedpo (odbem ~0,1 cm’), KoTOpoe OOecneynBaeT HeEOOXOr 
MYO [HpOcTaTHKy B OMbITAX C BBICOKHMH JaBleHuamu. U3smMepenud rmpoBoAMuHt 
pH KOMHaTHOHM Temmepatype. 

Ha puc. 2 mpencTaBsleHo H3MeHeHHe QIEKTPHYeECKOFO CONPOTHBJICHHA PeHH, 
HUOOMA HW UTTPHA — MeTaJIOB He HCceqOBaHHEIX BpyywKMenom. [locrpoeua < 
BUCHMOCTb R/Rgo OT WaBIEHHA, Te Ryo COOTBETCTBYeT 3HAYCHHIO CONPOTHBJIeH| 
pH yasnenuu P = 30 000 xI/cm?, npu Gomee Hu3KHX JaBNeHHAX BCMeICTBI 
BbITeKAHUA padouero BelllecTBa U3 OOBEMa KaMepbI HAaOJOMAeTCA PesKOe HSN 
HeHWe TEOMETPHYeCKUX pasMepoB UcceAyemMoro OOpasita, YTO NPHBOAUT K pds 
KOMY H3Me€HEHHIO 3IeKTpHyeCcKOrO conpoTuBseHHa. M3 pucyHKa BHHO, 4 
‘C POCTOM laBJeHHA HaOmMoMaeTCA MWIaBHOe Mayenue 3JIEKTPOCOMPOTHBJICHH) 
Ooulbulee B AManazoHe ZaBuenul oT 30 000 yo 100 000 KI’/cm? (ana Re na 22,59 
Agua. Nb na 12,3%, aaa Y ua 30%) uMeHbIee B JHana3s0He oT 100 000} | 
250 000 xI'/cm? (qa Re na 7,8%, aia Nb ua 5,5%, ana Y na 14%). 
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BpuaekmMenom (°) Oblio OGHapyxKeHO CKayKOOOpasHoe MaseHHve 3/IeKTpOco- 
poTuBieHus (Ha 16—17%) B WupKOHUM pH AaBseHuN cBEuUe 80 000 KI/cm?. 
laTepHal Obl BLICOKOM YHCTOTHI, HaH4Me IpHMeceH BpwxKMeHOM He yKasaHo. 
BTOPbI MpOBe/IH U3MepeHHe SJIEKTPOCOMpOTHBJIeHHA WupkoHHsA WO 250 000 sT/em? 
M. puc. 2) M He OOHapyxKUIH CKayKOOOpasHOrO H3MeHeEHHA IIEKTPOCOMpo- 
ABNeHHA. Oguako c 90000 KI/cm? 
AYMHACTCH pe3kOe H3MeHeHHe xoja 
DHBOH, KOTOPoe MposomKaetcaA OT 
)0 000 KI'/cm?, mocme 4ero cKopocTb 
SMCHEHUA © SVIEKTPOCONPOTUBJICHHA 
10Bb 3aMeqaeTcA. Or 30000 jo 
90 000 KI'/cm? u3mMeHeHue 9.1eKTpoO- 
IPOTHBIeCHHA cocTaBaseT 21%. 

Ilockonpky BpumxKmen mpospoqna 
<cnepuMenHTH! oO 100 000 xKI7/cm?, 
I3MOXKHO, YTO OH MpHHA peskoe 
care XoJa KPHBOH 3a CKayOK 
IEKTPOcOMmpoTuBeHHuA. DITO TpyAHO 
DOBEpHTb, TAK KaK OH He MPHBOLUT 
JHHBIX 110 H3MCHEHHIO 93JIeEKTPOCo- 
DOTHBJICHUA B HHTepBasle MaBJeHHli 
r 80000 a0 100000 xI/cm?. Bos- 
OKHO, YTO Ha XAPakTepe H3MCHEHUA 


0 0 
IEKTPOCONPOTUBJICHHA CKasbIBaeTCHA 80 160 240 320m 80 160 240 320m 
a3HIla B CTeMe€HH UYHCTOTHI MarTe- Haepysna Haepy3xa 

“ ee ry Ce ne aa 
faa. 100 150 200-10°K/Jon? 100 150 20070 Kdem2 
_ Marepuanom B HaliMx 9Kcmepu- Aabrenue Aabnenue 


HTaX Obl HOAMTHbI WupKoOHuii 

9.7% cHalIHuHeM lipuMeceli (B %): Puc. 2, Hsmenenwe smexTpHuecKoro conporus- 
1 0,004, Fe 0,03, Hf 0,04, Ca 0,01, EHH RAR 39 

0,006, Mn 0,001, Ti 0,003, 

0.002, Ni 0,002, Cd 3,5 -10-5, Cu 0,001, N2 0,005, Pb 4,0 -10-°%). Caenyet or- 
THTb, UTO HM DpuKMeHOM He MoMy4eH CKAaYOK BIEKTPOCOINPOTHBJICHHA B IMp- 
HAM pyro cTemeHu 4HCTOTHI. 

/Ha puc. 2 npuBogatca KpHBble 3ABHCHMOCTH 3JIEKTPOCOMPOTHBJICHHA CBHH- 
o0Ba, KasMua JO AaBenua 250 000 KI/cm”. Hauanbuble yuacTku KpuBbIXx 
100 000 KI°/cm? cosnayatoT c JanHpimu BpuyKmMena. CpaBHenue MpoBogHsoc. 
OCTEIM NoscueToM OTHOMEeHUA R49) — compoTuBeHua mpH 100 000 KI/cm? k 
| = conpoTupmenuio mpu 30 000 KI/cm?. 

‘Tlo qanusim Bpyyaxmena: Pb  Rioo/Raoc = 0,694, Sn _ R1o00/Rso = 0,707, 
 R100/R30 = 0,795. Tlo nomyuenupim aBTopamu AaHHbIM: Pb R100/Rs0=0,683, 
‘Ri0o/R30 = 0,715, Cd Rioo/R30 = 0,808. Takum oOpasom, pacxoxeHne c 
HHLIMH Bpvs2KMeHa He MmpeBocxoguT 2%. 

B jlanbHeliulem MayleHve 3JIeEKTPOCOMPOTHBJIeHHA YMeHbilaeTCA M COcTaB- 
T B uHTepBane JaBneHusa oT 100 000 go 250 000 KI/cm? ana Pb 12,9%, ana 
14,2% mana Cd 10,7%. 

4\B WaHHOH pa6oTe OblIO H3MepeHO TaKiKe 3JICKTPOCOMPOTHBeHHe cMmaBa 
Ma (Bi 53%, Pb 15%, Sn 20%, Cd 2%) no aBnenua 250 000 KI/cm’. Kak 
(§HO H3 KPHEOH, OHO He MpeTepMeBaeT 3aMeTHHIX CKAYKOB WH TIpH H3SMeHeCHHH 
j MEH ot 30000 no 250000 xI/cm? nagaet Ha 29%. 


MW Wuctutyr dusuKu ppicoKux jaBrennit Tlocrynuuio 
eh | Akajemun uayk CCCP 28 I 1961 


IMTHPOBAHHASA JIMTEPATYPA 


WUN.®. Bepemaruna, A.A. Cemepuan, H.-H. Ky3uu, C.B. lonosa, 
136, Ne 2 (1961). 2 P.W. Bridgman, Proc. Am. Acad. Arts and Sci., 81, 165 
3F.P. Bundy, Phys. Rev., 110, Ne 2 (1958). 
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Jloxnzxann Akagemun nHayr CCCP 
1961. Tom 138, Ni 4 


PHSHK 
10. H. ZEMKOB 


TEOPEMA BHPHAJIA JIA KJIACCHUECKOH 3AQA4UN 
O PACCEAHUM 4ACTHY CHJIOBbIM WEHTPOM 


(ITpedcmaeneno axademuxom B. A. Pokom 26 XII 1960) 


Teopema Bupvasa Oblla WOKa3aHa CHaYalla B KJIaCCH¥eCKOH MexXaHHKe JJ 
UHHTHEIX JBYKCHHH — TaKHX, Np KOTOPbiX KOOPAHHATbI MH HMIMYJIbCbI MAT 
PHAJIbHbIX TOUEK, COCTABJIAIOULNX CHCTeMy, OrpaHHueHb!. B kBaHTOBOH MexaHul 
TeopeMa Oblia JOKa3ana eile B (1?) Wid CTal\MOHApPHbIX COCTOAHHH JMCKpeTHO! 
cieKTpa, T. €. JIA CBASAHbIX COCTOAHHH, YTO COOTBETCTBYET YCJIOBHIO (uHUTHOC 
B KlaCCH¥eCKOH MexaHHKe. | 

B. A. ®ox noxka3an (*), 4TO HanGomee eCTeCTBEHHEIH BbIBO TeOPeME! B 
pala — 93TO MCHOIb30BaHHe BapHalMOHHOrO TIpHHUNNa H BapHallHH MacuIT 
6a JIMHEI. CooTBeTCTBYIOWMe (POPMYJIbI ObIIM BHIBENeHbI JIA KNaccuyeckKt 
MexaHukH (*), qua ypaBHenua Ipeqnurepa (*), ypaBHenua J[upaxa (°), B 
Toye Tomaca — Mepmu (°) u T. 2. OnHaKO Bce 9TH WOKA3aTebCTBA OTHOCHJIH| 
K CBA3QHHbIM COCTOAHHAM WIM K QUHHTHLIM ABWKeHHAM. JIA 3aqaq cmO} 
HOrO ClleKTpa OMepaTopa SHEPrHH B KBaHTOBOH MeXaHHKe (opMyla, aHaJor 
Hat TeopeMe BHpHasia, Obluia NomyyeHa BepBble aBTopoM (°) AWA 3aqa4qH) 
paccexAHHH YaCTHIL CHJIOBLIM WeHTpoM. B jJlasibHeHueM 9Ta dopMyuia Obia O64¢ 
uleHa Ha Oomee COMKHbIC 3aayH TeOPHu CTOJIKHOBeEHHH — Heylpyrue, OOMé 
ble Mpoueccet u T. m1. (’,°), Ha ypaBHenue J[upaka u Ha 3aqa4uH KBaHTOBOH T¢ 
puu nous (*). Mexkay TeM B KaccHueckoh MexaHHuKe COOTBeTCTBy1olllee 0606 
HMe JO CHX NOp He OblIO MpoBeseHoO. | 

TlokaxxeM Ha KOHKP€THOM IIpHMepe, Kak NOJyIHTb 3TO OGOOmeHHe. CHaua 
HaliyemM OOULy!0 (popmysty, M3 KOTOPOH MOXKeT ObITh NOyueHa TeopeMa BYP 
ANA OOOH Kaccuyeckoi 3aqaun. McxoquM u3 BapHallMOHHOrO NpHAlAna 
MuJIbTOHA. IlycTb 


te 


ae \L (Geen (ae ae Tide 


ty 


Beate HeHcTBHA, 3aBHCAWMH OT OOOOMeEHHBIX KOOpAHHAaT 4; | 
i= 1,2, ..., n. Torga, mpeqnonaras, 4To q; (t) cooTBeTCTBY!0T peasIbHOMY 
*KeHHIO, AMeeM JIA BapnanHu OS copMyurly 


este 


i=1 i 


wales 


(IpH4eM MBI IpesmosaraeM, 4TO BapvauHu 4g; (7) He OOn3aTebHO OOpalttard 
B HYJIb Ha KOHWaX BpeMeHHOFO MHTepBawa. = 
PaccMoTpyHM Tellepb YaCTHbIN Ccyyal Bapnanun 


89; = &q; (), 


o 


Bapuauneli maciuTa6a. Tee (3) B dopmywbt (1) u (2) H mpeHedp i 
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BeJIMUHHAMH, IpOMOPpILyOHaJIbHbIMH Che NoOJTydaeM 


te ft n 
Nk, o <8 GL, 2 VOL ts 
> + God ) dt = ae 4, ) 4 
Sa ( oq; : 04; : a q; i ty Y 


IIpumensa dbopmysy (4) K pa3mH4HbIM cucTemMaM uM K pa3qMUHbIM Tuam 
ABWKEHHH, Mbl MOXKeM MOJyYTb TeOpeMy BUpHasa AIA KaxKOrO KOHKperT- 
Horo cyyaa. Hanpumep, ycpequaa mpaByio wu aeBylo vacTu cdbopMysbI 0 
OOJIbIIOMy HHTepBasly BpeMeHH JIA (PMHUTHBIX JBWKeHUM HH MO NepHosy AA 
NMepHOAMYeCKUX JBYKEHHH, NOMy4aeM B MpaBOH YaCTH HYJIb HW MPHXOAUM K OObIY- 
HOM (OpMyJIMpoBKe TeopeMEI. OTMeTHM MIpH 3TOM, 4TO H JeBad HM MpaBasd 4wacTu 
papenctsa (4) cyllecTBeHHO 3aBHCAT OT BbISOpa OOOOMEHHEIX KOOpAuHaT. Bul- 
Oupad pasMunbie OOOOMIeHHbIC KOOPAHHATEI, MbI OyyeM NowydaTb, BOObUIE Fo- 
BOPA, pasJIM4HbIe (OpMyJIUpOBKH. 

_ Ana wuMuuTuplx 7BwKeHuH npu t,—> — oo — usm ft, >-+ 00 06e yacTu cbop- 
MyvibI (4) HeorpaHH4eHHO BO3pacTaivT, UH TO OCMOMKHACT NOKA3aTeJIbCTBO. 

_ PaccmotpuM 3aqayy 0 paccestHMH YaCTHUbI C Macco m = 1 chepuuecku 
CHMMeTPHUHLIM CHOBLIM WeHTpoM. PyHKuna Jlanrpanxa UMeeT B TOM Cuy4ae 
Buy 


\ 


v2 
L=>—U(). (5) 
4] 
BulOupas B KayecTBe OOOOMICHHBIX JeKapTOBLI KOOPAHHATHI xX, Y, Z, Mowyyaem 


u3 dopmyupt (4) 
. ‘ 


| (ear Z)dé = ver]. (6) 


Nyctb mpu |f| — oo 4acTHla ABHXKETCA CO CKOPOCTHIO Uco. IIpennonoxuM Jasee, 
4To MomMeHT ¢ = O cooTBeTCTByeT MHHHMaJIbHOMY 3HaYeHHIO fF = fro. Torga JBH- 
%KeHWe CHMMCTPHYHO OTHOCHTEIbHO BeKTOpa ro = r (0) HM MpH Oombmnx |t| 
wMeeM : 


S~ 


r=St Up [tl | (7) 
_ ' OTciojia BuAHO, ITO O6e 4acTH dopMmyab! (6) mpH ¢, — —oo, ty > +00 Co- 
‘AepxKarT BospactaiowlHli Wien veo (t2 — hy). Bermntaa 3TOT WieH HW yUNTHIBaA 3a- 
‘KOH COXpaHeHHaA 9HeprHH 


an ; v2 es 

ty oe 3 U= me) (8) 
‘wMeeM 

. te 

h % AON sige ROOM ae 

‘ De) v-r)|). (9) 
: Temepb MoxKHO TepelitH K Mpefemy t1 ~ —oo, tz — oo. Tlonyyaem 

i 

) \ (2U + r 7) dt = veo lim (Voot — r) = — Uo0S. (10) 
? iP faders 


Syecb MBI y4JIM CHMMeTPHIO ABMXKEHHA, a TAKXKE TO, YTO fo °Vy = 0. 
|. Takum o6pasom, B seBoh aacru dopmyat (10) crouT BIpaKenue, xapakrTep- 
Hoe JIA TeOpeMbI BUPHasa, a B MpaBoH YacTH — BeMMYMHA S, MMeIOULaA MpocTou 
TeOMeTpHYeCKH CMbICI: OHA paBHa paCCTOAHHIO, Ha KOTOPOe yxXOJUT BHepey Ya- 
eruia mpu f—>oo no cpaBHeHMio C TOUKOM, HAYHHAIOWeH ABUTAaTbCA B MOMCHT t=0 
M3 Hauasa KOOPAMHAT paBHOMepHO CO CKOPOCTBIO UoNO MpsMOH, MOrOHAA 
ccesHHy!o uacTuuy. OqHako mpaBoli uacTH ypaBHenua (10) MoxHO TpHfaTb 
[ Pyro CMbICT, MOSBOMAIONLHH MpOBecTH CpaBHeHHe C COOTBETCTBYIOWLMM KBaH- 
TOBOMeXaHuyeCKHM BbIpakeHueM. Jina 9TOrO peACTaBHM ee B BUe HHTerpaa 
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no r. O603HaYuM MOMeHT KOJIMYeCTBA JBMXKCHHA 4aCTHIIbl Yepe3 | 
Cee 

M =P = PUco, (11) 

rye p — npHuembuoe pacctosuue. Mcnomp3sya copmyly (8), mouyuaem 


r 


n= | ane =F, a9) 


oP 


re fr = fo — 3Ha4eHHe, pu KOTOpOM v= r (r): OOpatilaeTca B HyJb. Orcioza! 
mowy4aem 


Lim [cot — r(£)] = lim [0.o t (r) — r] = lim ( ee ae (13) 
t+co r>oo 


TOO 


PaccMoTpuM Tellepb BbIpaxkeHHe JIA Pasbl BOJIHOBOK PYHKIUHH B MOJyKac- 
CH4YeCKOM MeTojle (cM., HampuMep, (7°), § 111) 


1 (oo. M) = Lim | \V a0 My Par—\ Ve ar |. (14) 
e 


T 


Bropot HHTerpad JerKO MOXeT ObITh BHICHCeH pH OowbuMx 7. Tlony yaem 


1) (acy 0yL) =n (Node eno mE). (15) 


roo ¢ 
ia 


CpaBHuBad 9TO BbIpamKeHue C PopMyw1oH (13), MerKO 3aMeTHTb, 4TO 


foresee (16) 

t+0o, co 

OTMeTUM, 4TO, XOTA fo H 3aBHCHT OT Ugo, OHAKO pH AuddepeHuupoBaHHH 

YYMTHIBATh STY 3ABHCHMOCTb He HYKHO, TaK Kak B dopmyse (15) dyHKuuA v,| 

MO, MHTerpasioM OOpalilaeTcaA B HYJIb Ha HMKHEM Mpegese. Takum oOpas3om, 

MOYYaeM OKOHYATE/IbHO | 
Loe) 


(Qu +r Tp) dt = 00 A (17) 


co 
0 
QTy opMy.1y MOMKHO CPaBHUTb C COOTBETCTBYIOWIMM PaBeHCTBOM B KBaHTO-| 
BOH MexaHuKe (® 8) | 


1a ae P(r)dr =o, (18) 
0 


THYeCKHH BHI 


pw ~sin (kr — 4+), | (19) 


a , — ta3a ITO patqvanbuol dbyHkuun. Tocrosuuyro Inanka fh mpl nonoxKH-! 
JIM 30e€Cb paBHOH eMHHNe, TOra asHMyTaJIbHOe KBaHTOBOe 4NcO / coBnaqaeT 
upH Oompmux J c M. ! 

Ilepexog oT KBaHTOBOl copMyubi (18) K Kaccu4ecKol d@opmyvie (17) MoxHO! 
IpOCJeUTb, CH MOACTABHTb BMecTO 4p; (7) B copMyuie (18) nNomyKsaaccuyecky A 
by HKILHIO 


win=Y/ 2 =. sin (\ end + +), (20) 
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)43a KOTOPOHK CoBlajaeT c pasoli B popmyute (15). [Ipeqnosaras Terepb, TO IpH 
fr <fo PyHKUMA yORIBaeT HACTOMbKO OBICTPO, TO €€ MOXHO NOMORKUTS paBHoli 
HY.O, a pw rf > fo HaCTOMbKO OBICTPO OCILHMAHpyeT, YTO MOMKHO MOMOKUTS 


sb 
7) 


2 ao) 
UM Sy Gf (21) 
‘ = 1 
\ J 
MbI H MpHXOAMM K HCKOMOM CBxA3H Mexkjly OOeHMu dopMysaMuH. 
Jl cTawMOHapHbIxX CBASAHHBIX COCTOAHU c 9Hepruelt E u c paguabHolt 


BOJHOBOH PyHKWHeH wpe HMeeM aHasorMu4Hy!o (bopMysly 


lee) 


| \ (QU +r ) pedr = 2E, (22) 


M, HaKOHeL, JIA (HHUTHBIX JBHXKeHMH B KJaccH4yecKOH MexaHHke 


( (2U —2E + 1) di = 0: 7 (23) 
ty 


We MHTEPPUpPOBaHHe MOXKHO MpOH3BOANTb, HallpHMep, Mey JBYMA MOMeHTaMu 
BpemMeHu, Kora r M V OPTOrOHaJIbHbI (MOMeHTHI HavOoslbuero HM HaHMeHbIUero 
WaeHuA TOUKH OT CHJIOBOrO WeHTpa). 

OTMeTHM B 3aKJIIOUeHHe, YTO yO OTKJOHeEHHA YaCTHIbI Mp paccesHuu 
‘§ u aucddepenunatbHoe addekTHBHOe CeyeHHe O TOKE MpocTo BbIpakKarorcs 
“Yepe3 MpoOu3BoHble OT MomyKsaccuyecKkoh asx (14) 


fe ON! SuMovM eyo \4 
Rao ae (sat) - (24) 


Cc 


_ Ana Oonee cowKHbIX 3aqay, HallpuMep AIM CHCTeMbI B3aMMOJeHCTBYIOWMX 
‘YacTul, BOKasaTebCTBO TeOpeMbI yCJIOmwKHAeTCA, HOO pH |t{/— co dyHKUNA 
Jdlarpamxka, BooOule ropops, He CTpeMHTCA K NOCTOAHHOH BesHuHHe. B sToM cay- 
‘Yae HyKHO paccMaTpUBaTb pasHOCTb Mexy MomHOM cbyHkunen JlarpamxKa L 


“ThBaeTCA B3aHMMOMeHCTBHe CHCTEM YaCTHI, PaCXOMAWMXcA Apyr OT Apyra. 
' > Jlo6onnrrHo oTMeTHTb, YTO B KBAHTOBOM MeXaHUKe JaHHad TeopeMa Obi1a No- 
\Ka3aHa paHbille, eM B KIaccH4¥ecKOH MexaHuKe, — CJlyyal, MO-BHMMoMy, uc- 


JleHWHrpascKHH rogxcyapcTBeHHbI yHHBepCcHTeT Tocerynuso 
um. A. A. )Kganosa 8 XII 1960 


UHTMPOBAHHAA JIMTEPATYPA 


m ¢M:. Born, W. Heisenberg, P. Jordan, Zs. f. Phys., 35, 557 (1926). 
“B.N. Finkelstein, Zs. f. Phys., 50, 293 (1928). 3V. Fock, Zs.f. Phys., 63, 855 (1930). 
mv. Fock, J. Krutkow, Sow. Phys., 1, 756 (1932). ° B.A. ®ox, Sow. Phys., 
Memes (1922). ® KD. H. JlIemxkos, JIAH, 89, 249 (1953), *10.H. Lemxkos, Ba- 
PHaWMOHHbIe NPHHUMNEI B TeopHH cTomKHoBeHHH, M., 1958. §% lO. H. TemxKkos,_ Bectu. 
WITY, Ne 22 (1958). *° 10. B. Hopoxua os, Bectu. JITY, Ne 4,5 (1957). 1° JI. Jl au- 
May, E. Jiug@muu, Ksanropad mexanuka, 4u. 1, M.— JI, 1948. 4H. Mort, 
T.Meccu, Teopua atomupix cromkuopenui, HJI, 1951. 
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Jioxrnagn Anxagemun nayr CCCP 
1961. Tom 138, Ne 1 


PH3HKA 


K. B. DIAJIAMOBA, T. C. TPABHHA wu JI. JI. FOJIMK 


ONTMYECKOE NOPJIOWMEHHE MOJIAKPHCTAJWIMGECKHX 
CJIOEB CdS 


(ITpedcmaeaeno akademuxom B. H. Koxndpamvesoim 26 XII 1960) 


B HacTOAMeM COOOWIEHHH H3JaraloTCA pe3yJIbTaTbl HCCMeMOBAaHH ONTHUeC- | 
KOFO MOFJIOWeHHA NOMMKPUCTaMIMYeCKHX C0eB Cymbp~uAa KayMua. Cron nouy- | 
YaIHCb HCHapeHHeM MOpollKa Ha H30/JIMpylolly!o MosMowKy (cTeKIO, KBapltl) 
B BaKyyMe, B aTMocdepe aproua HM cepHucToro Bofopoga. Ilo ycnoBuaM onBita | 
MOIOXKKY MOXKHO ObIO HarpeBaTb OT KOMHATHOHM TemiepaTypbI fo 500°. Me- 
MapHTeb MOPOWKa, a TAKKE HArPeBATeMb NOAMOKKU ObWIM PasMelleHbI BHE OOb- | 
eMa, B KOTOPOM IIpOBOAHJIOCb HallblieHHe mwieHoK. B mpomecce paOoTbI ObII0 
H3roTOBIeHO Oosmee 600 o6pa3n0B, y KOTOPbIX ObIIH H3MepeHbI TOJULMHbI d ¥ 
ONTHYeCKad MIOTHOCTb kd B AMana3zoue AHH BoH OT 0,185 po 2,5 p. 

Ha puc. | u 2 mpeacTaBaeHbI CMeKTPbI MNOTMOMNLEHHA TNeHOK CyJbpugza Kal- 
MHA, MOJIYYeHHBIX HCNapeHHeM B BakyyMe, H.S uw aproHe Ha NOWIOKKy, HaxoysA- 
UlyIocsH B HavaJle HalbleHHA IpH KOMHAaTHOM Temnepatype, 350 H 450°. Kak 
BUHO H3 PHCYHKOB, ClIeKTpbI AOcOpOUHH NOMMKPHCTaIHYeCKUX CMOeB CybDuza | 
KaJ\MUA MMeIOT CJIOKHbIN BUA. Y HEKOTOPHIX MICHOK Ha OTJCJIbHbIX yuacTKaXx | 
CMeKTpa He yJjaJlOCb IPpOMepHTb ONTHYECKYIO MWJIOTHOCTb, TaK KaK 4YBCTBUTEJb- 
HOCTb IpHOopa Oblia HeocTaTOUHA. OTH yuacTKH Ha KPMBbIX OOOSHAYeHEI NYH- | 
KTHpOM. 

Y OOJ/IbUIHHCTBa MCCeOBaHHbIX HAMM HpelapaToB MOrmouleHHe MpoMeps- | 
JOcb, HayHHas c A 250 mu. Jia HeKOTOpBIX O6pa3l0B yaBaslocb H3MepHTb a6- | 
copOmuio WU B Ooulee KOPOTKOBOMHOBOK OOacTH cMeKTpa. Takue MeHKM MMeIOT | 
MaKCHMyM Ha KpHBOHM NorsoweHua up A 230 mp. Tlormomenue HX B BHAMMON | 
OO1aCTH COCTaBJIAe€T HECKOJIbKO MpOMeHTOB OT BeJIHIMHbI aOCOpOMHH B YJIbTpa- | 
(puonete. Tako BUX cnekTpa HaGmlofasca u B pabotax (',”). HeoOxoqumo yka- | 
3aTb, 4TO y YACTH IVJICHOK, HalblJICHHbIX Ha MOKPOBHbIe CTeKJIa, MAKCHMyM a0- 
copOluu NpHxoyuica He Ha A 230 Mp , a Ha A 250 uu 270 mp. Y HeKOTOpEIX O6- 
pa3IlOB NOrsoulenHe B OOsIacTH 250—400 Mp BeJIHKO HW COH3MepHMO C NOT OULeHHeM 
B oOmactH 230 mu. Kpuspie jaa 4acTH nNpenapaToB no dopMe aHasOrMudHhl 
KPHBbIM MOPIOULeCHHA MOHOKPHCTAaJJOB. 

Ha puc. | uw 2 npnpegenbl cneKTpHI NOrmOuleHHA AA WweHOK, TOMMIMHA | 
KOTOPBIX IIpHOM3UTebHO ONMHAaKoBa. Hecmotpa Ha 3TO, B OOacTH 300—550 mu 
oOpasiibl XapakTepH3ylOTCH pa3JIM4HOH BeMYMHOH MOroWeHHA. STO 3Ha4uHT, 
uTO TaKOe MOMIOWeHHe He ABJIAeTCH COOCTBEHHbIM. OHO MOxKeT ObITh OOYCOBE- | 
HO TOJIbKO MpuMmecbio. M3MeHeHuve KOHUEHTPalHU MocesHel HW NpHBOAUT K U3- | 
MeCHEHHIO BeJIMYMHbI NorsomeHua. Meroquka nowlyyeHuaA C0eB B HallleM ciy4ae | 
MNO3BOJIACT YTBeEpKLaTb, 4TO B MICHKH Cybpusa KaMHA He BHOCHaCb MOCTO- | 
POHHAA IPHMecb, CleqOBaTeJIbHO, OHA MOTIa NOABHTbCA TOMIbKO B Wpowecce MpH- 
rOTOBJI€HHA OOpasira. :; 

IIpu HarpepaHHu, Kak M3BeCTHO, CyJIbU KaqMUA BO3TOHAeTCA, MPH STOM | 
ero Napbl OOaaioT BLICOKOM cTeMeHbIo AucconManH (7). JToT mpomecc pasmoxe- | 
HHA 3aBHCHT OT Temlepatypbi: mpH 800° napbl cybuya KayMuA JHCCOMMMPOBAHET | 
Ha 20%, a mpu 1100° yxxe na 96%. Takum oOpa3om, mpu cy6muMallMH B aTMO-| 
ccbepe Hay TBEPALIM Cyb@UOM UMeIOTCA KaK MosIeKynbI CdS, Tak u CBOOOLHEIE | 
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; Puc. 1. a—cnextp norajouleHua naeHox CdS, HanbineHHEx B BaKYyMe Ha NMOWNIOKKY MPH 
_ KOMHATHOH Temmepatype: mueHKa Ne 29—rTonmmuna d=—5,0-10-§ cm; Ne 1148—d=5,4 X 
> X 10- cm; Ne 166 —d =6,0-10-* cm; Ne 172 —d =4,0-10-5 em; Ne 178 —d=1,1-1075 cm. 
6—cilextTp norsomjeuua naexok CdS, HanbiieHHbix B BakyyMe Ha Mo_MouKKy, HarpeTylo Oo 
450°: No 258 —d—=2,3-10-4 cm; Ne 268—d =3,6-10-> cm; Ne 270—d=6,1-1075 em; 
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_ Puc. 2. a—cnextp norsomenua nuenok CdS, wanbineHHbIx B aproHe Ha No_oxKKy pK 

_ KOMHaTHOH Temnepatype: Ne 348—d—1,1-10-4 cm; Ne 370 —d=1,5-10-> cm, Ne 386 — 

d@=1,3-10-* cm, Ne 408 —d=4,5-10- co. 6—cnekTp morsoulenua mmenoxK CdS, Ha- 

“UBWICHHBIX B aproHe H H2S wa noqomwKy, HarpeTyio Jo 300°: Ne 417 —d=6,9-10-% cm, 

Ne 445 _d=5,4-10-5 cm, Ne 467 —d =6,8-10-8 cm, No 469 —d =1,0-10-> cm, uarpe- 

TyIO fo 450°: Ne 509 —d—1,8-10-* cm, Ne 518 —d=—9,20-10-> cm, Ne 640—d= 
= 1,0-10-* cm 


| 91 


aTOMbI KajimMua (*) u ABYXaTOMHas cepa. IIpu HanbWleHHH COA STH YACTHIUbI, OCaxK- 
WadAcb Ha NosmoxKKy, OyyT YacCTHYHO OT Hee OTPAKATbCA, HW ECM OMHA U3 KOM- 
MIOHEHT HalIblIAeCMOFO BeHIECTBA OTPaxKaeTcA B OOJIbUIEM KOJIMUeCTBE, TO CTEXHO- 
MeTpHYeCKHi CocTaB TaKOrO CyO/JIMMMpoBaHHOrO C/o” OyyeT Hapymien. Tak 
Kak TeMMepaTypa MaBsIeHHA Cepbl SHAYHTeIbHO MeHbILe, YEM KAQMMA, TO Cepa’ 
OyeT OTPaxKaTbcA OT NOWIOKKH B OOMbUIeM KOMIMYeECTBE, HU NOMMKPUCTaH4eC- 
Kve cIOM OyAyT OOorallleHbl H3ObITOUHBIMH MIpOTHB CTeXMOMeTpHueCcKOrO CcocTa- 
Ba aTOMaMM KayIMua. ITM ATOM! Hi BbITIOJIHAIOT POJIb MPHMeCH. 

TIpomecc HapylieHHA CTeXHOMeETPHH MOXHO YCHJIMTb, MeEHAA TeMMepatTypy 
nowwiokKu. B Halwux onmbirax oHa HarpeBasacb Wo 450°. OnnaKo noji0xkKa, 
HaXxOAUlaAcd Jaxke IpH KOMHaTHOH Temllepatype, Kak NoKa3aJIM H3MepeHHA, B 
Impowecce HalblvieHus MIeHKH HarpeBaeTcx. Ee HarpeB BbISbIBaeTCA U3JIyYeHHeM 
uCMapuTeA, a TakKxKe TOPAYHMH YaCTHWaMH CYyOJIMMMpOBaHHOrO BellleCcTBa. 
B cayyae HallbiuieHHa COA B BAKYYMe KOHCUHAA TeMMepatypa MOWIOKKU JOCTH- 
rama 40—170°, a B armocdbepe aproua 160—300°. Hlostomy o6pa3ubI, npHroTo- 
BJICHHe KOTOPbIX Ha4YHHaIOCh axKe pH KOMHATHOM TeMMepaType MOLMOKKH,,. 
JOJDKHbI COJepKaTh pasiMIHOe KOMMYeCTBO H3ObITOUHOTO KaMUA. OTOT BBIBOA 
MOATBepKaeTCA TEM, YTO CHEKTPbl NOFMOWCHHA MJIeEHOK, HalIbIIeHHbIX Ha To- 
pauyio noqmoKKy (puc..16 u 26), nofoOHb! cneKTpaM HU3KOTeMMepaTypHbIxX 
o6pasnos (pve. la u 2a). 

Takum o6pa30M, pelapaTbi, IpHroTOBJIeHHbIe KaK B BaKYyyMe, TaK H B ar- 
Mocepe aproHa HM CepHHCTOrO BOROposa, MMEIOT COKHEIM, HO OMMHAKOBbIK 
m0 BUY cnekTp a6ccpo?unn. CreqoBaTebHO, IpHpoxa NOrowjeHuA y HAX OWHA 
u Ta xe. Bce MIeHKH, NOrIOWleHHe KOTOPbIX MpoMepssiocb WO 200 Mu, HMeIoT 
MaKCHMyM pH A 230 Mu, MosITOMYy ero CJIekyeT OTHECTH K COOCTBeEHHOK abcop6- 
aun. B o6macta 300—550 mp norsomleHHe pa3IM4YHO y pa3IMGHbIX OOpasios. 
Syecb HaOMIOaeTCA PAX MAKCHMYMOB, CooTBeTCTBYIOIUX AX 320, 420 wu 490 mp, 
KOTOPbIe IpOABJIAIOTCA T0-pa3sHOMy. Y HeKOTOPBIX OOpasiloB OHH MpHcyTCTBy- 
1OT B CKPbITOM BH, B APYrHX OHM APKO BbIpakKenbl. Kak MbI yKe yKa3biBaJn, 
TaKOe MOPIOWCHHe MO*KeT OLITb MPHMECHEIM, OOYCJOBJICHHBIM H30bITOUHbIMH 
aTOMaMH KajiMHa. 

IlorsomeHve CBeTa NpHMeCHbIMM IeHTpaMH, KaK H3BeCTHO, MOXKeT OcyllecT- 
BIIATbCAH JBYMA MyTAMH. B pesysbTate aOcopOuHn Bo3s6yxalollero cBeTa 
SJIEKTPOH C SHEpreTHyecKOrO YPOBHA IIpHMecH MOKeT ObITh NepeBeeH B 30HY 
MpoBowuMocTH. B 9TOM Clydae MpHMecHan aOcopOuHA OyseT COCTOATH M3 MOJ0- 
Cbl C OMHHM MakcHMyMoM. Kpome Toro, MOrolleHHe CBeTa MOKET MpOHCXOUTh. 
BHYTPH MIpHMeCHOrO WeHTpa, MPHBOAA STOT IeHTp B BOSOyKeHHOe COCTOAHHE. 
Taka IipHMecb, B 3aBHCHMOCTH OT ee 9HEpreTHyeCcKorO cTpoeHuaA, OyyeT OOy- 
COBJIMBaTb OJHY WIM HECKOJIbKO MOMOC JONOMHUTEbHOFO MOrsOULeHHA. 

Hasnuue y cyibpuya KayMHA HECKOJIbKHX Mosoc abcopOunH, MpHHayeka- 
ILMX H3ObITOUHBIM aTOMaM KaJIMHA, CBHJIETEJIbCTBYe€T O BTOPOM M€XaHH3Me IIpH- 
MecHOoro NorioujeHuvA. Takum oOpa3om, MoriouleHHe cybpuya KayMuA B OOsa- 
ctu 300—520 mu ompeyemsetca B OCHOBHOM a6cop6lMelH M3ObITOUHIX ATOMOB. 
KaJ[MHA, B KOTOPbIX WICKTPOHbI 9HEprHeH BO3OyxKTalollero CBeTa NepeBOAATCA 
C HOPMaJIbHBIX YpOBHel Ha YPOBHH Bo3OyxKTeHUuA. [losTOMy, B COOTBeTCTBHH CO 
CM€KTPOM MOFJIOULeHHA, M3ObITOUHbIM ATOM KaqMHA B pellieTKe CdS jomKen 
UMeTb TPH SHepreTH4eCKHX YPOBHA Bos6yxWeHHA: 3,80; 2,94 u 2,52 9B. Duep- 
reTH4¥eCKHe YPOBHH IIPpHMeCH OObISHO HAXOAATCA B 3alpelleHHOH 30He, CeMOBa- 
TeIbHO, WIA CYIbpua KAaIMUA OHA OJOKHA ObITb HAMHOYLO Goble, YeM 2,4 9B. 
Beposttuee Bcero, OHa COOTBETCTBYeT NormontenMio mpu A 230 mu uw paBHa 5,36 2B. 


Mockosckui: sHepreTHuecKHlt Tloctynnso 
HHCTHTYT 20 XII 1960 


UMTMPOBAHHAA JINTEPATYPA 
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meH KO, Hayun. JoKn. Bric. wKomE, Paquorexuuka H 3leKTponnka, 2, 233; 8, 176 (1958). 
3A. 0. Toropeaumit, KX, 22, Ne 6, 731 (1948)... 4P. K. Sen-Gurta, Proc. 
Roy. Soc., 143, Ne A 849, 438 (1934). 
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1961. Tom 138, Ne 1 
; 
) 


PU3HKA 
B. A. HEPBHHA 


YCJIOBHE MPMYMHHOCTH WH HEJIOKAJIbBHOCTb JIATPAH)KHAHA 
B KBAHTOBOH 3JIEKTPOJMHAMUKE, 


(ITpedcmaeaeno axademuxom H. H. Bozoaw6oeum 3 I 1961) 


B ocHOBy paccCMOTpeHHii MbI 10102%KHM HeJIOKaJIbHbIIi nar paroxual B3aHMO- 
_ WeHcTBHA Buga 


£ (x) = el ple + BA (x +n) p(x + BF (Er ben)dbndBedn. (1) 


| Saecb F (Ei, €2, n) — o606mennaa dbyHkuuA Haj npoctpancrsom [[Ipapua S. 
Kpome TOFO MbI NoTpe6yeM, 4TOOHI ee npeoOpasopaHe Pape F (pr, p2, k) Ovina 
| HeMpepbiBHa B OKpecTHOcTH MoBepxHocT™a T (pj=p; = m®, k?= 0) u orpa- 
_ +uvuena Ha Heli. Kak 6yzeT BUHO U3 JabHelMero, 9TO TpeOosanue MOXKHO 3Ha- 
_ UHTEJIbBHO OCIaOuTD. 
; Hakonell, nocseqHee ycuiopue Ha F BbiTeKaeT 43 CaMOCOIps>KeHHOCTN Jla- 
m rpanxKuana £ (x) = £"(x): 

PVE Ga, )' EF? (Eas Ex, Me. (2) 
| Ee MCXOAuUTb W3 H3BECTHOTO pa3zJIOKeHHA B PAX MaTpHUbI paccennun S 
_ Ho cTemeHaM €, TO Ha JlarpaHxKuan £& NoTpeOyeTcA HalOKUTb elle ycoBue 
_ TIpHYMHHOCTH 


LF), Leck 0 ipa x’)? 00: } (3) 


3T0 HeOOXOJUMO JIA MpwAaHHA WHBapwaHTHOrO cMbICa 7-nNpousBeqeHHuAM, 
' BCTpeyalolluMca B YyKa3aHHOM pa3JioxwKeHHH S. 

» Caeyctsuem ycnosua (3) u ycnoBuli Ha F (1, 2, q) aBAneTCA 
Teopema. Jan mozo umo6w raepanocuan £(x) yoobaemeopan yCaoeuto 
— ApuduAnocmu (3), HeoOxo0duMmO uU Oocmamo4nHoO, umobel Ha noeepxnocmu T umeao 
_mectno paeexncmeéeo 


Meteora, tk) = co er (4) 


20e @, T— Npous60nbHBle HeYemMHole Henpepolenole GbYNKYLUU. 
| Kak slerko BUyeTb, paBeHcTBo (4) o8HadaeT YHHTapHyl0 9KBUBAJICEHTHOCTb 
_ (C TOUHOCTHIO JO MOCTOAHHOFO MHOMKUTeNA) JarpaHxKuana (1) oOpmHOMy sOKaIb- 
_HOMY JlarpawKuaHy B3aHMojelcTBHA. 
Jima JoKa3aTeibceTBa TeopeMbl HaM MoTpeOy1oTcA CHeAyioulMe Be JIeMMBI. 
JlemMa 1. Qyxxkyua D (x) yooesemeopsem ypaenenuto Kaetua — I op- 
Oona u OOpataemca 6 HYAb BNE CBemoeozo KONYCAa Moeda uU MOALKO moeda, ecAu 
| ee npeo6pasoeanue Pypve umeem eud D (k) = P (k)e (k°)6 (k? — m?), ede P (k) — 
| Hekomopoltt noAUHOM. 
| CcopMysMpoBaHHad JleMMa OYeBHAHBIM OOpa3soM BbITeKaeT M3 BbIpaxkenuA 
” Aa pemenua sanaum Komm yaa ypapHenua Kaetna — Toppona. Us uee xe- 
HOcpeCTBEHHO BbITeKae€T HEBO3MOMHOCTH CIaHTb TepecTaHOBOUHble PYHKIUAH 
quis oMepaTopos noma w(x) u A (x) nosBeprHyB UX MpeoOpasoBannio TuMa 


| cBeptKu: wu (x) = \ u(x + &§)f (§)d6&. 
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n 
JIemma 2. Ecau dynkyua D (x) = >} e"**D, (x), ede ece k, pasauunot 
r=1 
u D, (k) = 9k) 5 (k2 — m?) (m moowem Ooimb paéeHo u HysO, @, (k) OepaHnu- 
ueHbL Ha nosepxHocmu k® = m*), oOpawaemcaA 6 HYAb 6HE Ce6emo6oe2o KOHYCa, mo 
esceeD 4) == 0 Npiia eee 0: 
Mui onycTHM JlOKa3aTeJIbCTBO 3TOM JIEMMbI BBULY erO TpOMO3AKOCTH. 
Jlisa ROKa3aTeIbCTBa TeEOpeMbl paCCMOTPHM PpaBeHCTBO 


[p(x + Ex) A (x + 0) p(x + &), P(% +81) Ale +n) v(% +8) = 
gp (x +) vp (x + &) p(x +E) p(x + €)Do (x — x’ +n — )— 
pla (+) A (x +) p(x + Es) P(x + &)S(x— x + B—E)— o 
—iA (x +9) A (x +n) p(% +E) p(x + Be) S(x —¥ 4+ &—8)). (5) 
B npasoit uacrm paBencTBa (5) HMeeTca Ba Bae Caen ae Raa vias 


HerpyHo BueTb, TO, Nonaran Dy = |0>, Dy = ad (p,) age > (p,) ag (2) ap-(ps)|0> 
(sce IIpHMeHAeMbIe HAMM OOO3HaYeHHA B3ATHI U3 (*)), MBI MOy4HM 


Di lL (x), £(%')] Pp = 


pilot pst ryt g)® po, pleat Pd E=*) D( 


‘iby Pis Pe; Or x — x) se 
a ees gaa D (po, Pi, Dy, Pi; X — x) + 
+ cert PN —*).D (po, Pry Par Ps ¥—X) + 
PETE) D (pay Pir Pas PUX—*)) =O pw (Y—x)P <0. | (6) 


{c1e 


aa se 


3yecb D (pi, p2, p3, pa; X — x’) = (Do (x — x’ +n) Fi (pi, pez, ps, pa; n)dn, 
re Fi — mpeo6pasopanve @ypbe Mo BCeM MepeMeHHEIM, KpoMe ), yHKUMH 
F (1, &, + §)F (&, &, §)d6. 
V3 (6) Ha ocHOBaHHH JeMMBI 2 3aksIOUaeM, 4TO (PYHKIHA 
D (pi, p2, p3, p4;X — x’) =O mpn (x— x’)? <0 (7) 
ANA IOOLIX p;, MpwHaleKalluX BepXHelH NomocTH runepOononyza p* = m?. 
PaccmaTprBad Jipyrue cpeqHue Tub! (6), HeTpy2HO NoKa3aTb, 4TO (7) UMeeT Me- 
CTO JWIA BCeX p;, IpHHalNeKallHx rHnepOonouzy p? = m?. 
O6pasyem Tenepb cpefHee Tuma (6) c MOMOLIbIO BeKTOPOB 
©, =|0>, B, = arn? (k) ah? (k) az (p) ay (p')| 0D. 
IIpomemaB pacueThl, WeIHKOM aHaJIOTHYHbIe MpebIyULMM, MbI TosyauM, 
4uTO (PYHKUHA 
F (6) - , 4\2 
(i Dice ae, + am) Dy, (P1; Po, Ri, Ros X— *X) =O npu (*— x’)? = 0, (8) 


Syecb 
EM cin = (i), = eta tsa ia), 
Dy (pi, pe, ki, key x — x’) = \D (x — x’ + €)Fe (pi, ps, Ri, ke; &)dé. 


Fe ecTb Mpeo6pasoBpanve @Pypbe Mo BCeM MepeMeHHBIM, KpoMe &, dyHKIHu 
\F (8 +6 m)F (6, Ea, neat. 
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Tloxaxem, 4To 
Dips, eis kz; x) == 0. pn x 0 (9) 
AIA OObIX p;, JeKallM4X Ha runepOosoupe p? = m?, u k; Ha Konyce k? = 0. 
Ucnonp3ya cooTHomenue ab + ba = 2(ab), nonyuum 
eyes? (e,e (6 e )y s+ ene | — eye. 
Jinan =O wu e* | e* eryoel — —ey°e?. U3 sToro COOTHOMIeHHA BUHO, YTO, 
MeHAA MOApPH3alHio (POTOHOB B BeKTOpe @2, Mbl MOXKEM H3MCHHTb 3HaK Y Co, 
B TO BP€MA Kak OCTAJIbHbIe C, IpeoOpasyroTca HHaue. IlosTomy u3 (8) Ha OCHO- 


BaHHU HepBOM JIEMMbI 3aKJIOUAeM O CIpaBeluBocTH (9). 
V3 paccMoTpeHua paBeHcTsBa (7) u uctob3ya (9), C TMOMOLLbIO MepBOH JIEMMBI 


_ MBI HEMEJWICHHO TIIPHXOXHM K BBIBOAY, UTO Ha MOBeCPXHOCTH i CIIpaBeJIMBbI pa- 
BeHCTBa 


i 


erie a ee’ «= 


NS EE 


F (px, p2, k) F (ps, pa, —k) = Px (pr, p2)®r (ps, pa), 
F (pi, p2, Rk) F (ps, pa, k) = ®1 (pr, p2) ©; (ps, pa). 


Btopoe u3 papeucTs (A) BbITeKaeT H3 TlepBoro, eCJIH yYeCTb yCIOBHe CaMoco- 
psxKeHHocTu§ (2), B TepMHHaxX MpeoOpasoBanHi Wypbe wMMerollee BUI 


i (nies k) =F (—ps, —pi, —k). 
Vis natiucanHbIxX CooTHOWeHH yxe 6e3 Tpyla cieqyer, 4TO 


(A) 


F (pi, pz, k) = e**) Dy (pi, pa), 


rye t (k) — HeyeTHaa cbyHKunsa R. 
TouHo Tak Ke 43 paBeuctBa (9) Nomyuaem Aisa Di (pi, p2) Ba COOTHOMeHHA 


D1 (px p)P1 (—p, p2) = Pe (pi) Ps (p2), B 
®:1 (pr, p) ®; (ps, p) = Po (pr) ®% (ps). ) 


Ha ocHoBaHuu cooTHomeHui (B) Mbl 3akJ04uaeM, UTO Ha MoBepxHocTu [ 
F (pi, pz, k) = cetle(pd+e(p:)+7(h)], pre sp, p— HeveTHbIe (PyHKUHH. 


XapbKoBeKul rocyfapcrBenHBiit YHHBepcHTetT Tlocrynuso 
um. A. M. ToppKoro 30 XII 1960 


UMTMPOBAHHAA JIMTEPATYPA 


1H. H. Boronwé6os, J.B. WupoKkos, Bsefenve B TeopHio KBAaHTOBAaHHbIX 


nome, M., 1957. 
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Jloxnzagmn Akagemun wayx CCCP 
1961. Tom 138, Ne 4 


TEXHHYECKAA PHSHKA 


JI. C. MAJIATHHK, A. A. JIEBUEHKO u B. M. KOCEBHY 


O BOSHHKHOBEHHM AUMCJIOKALMA MPH IJIEKTPHYECKOM 
3PO3HH MOHOKPHCTAJLJIOB 


(IIpedcmaeaeno axademuxom C. A. Bexwunckum 27 XII 1960) 


Meroyamu Metaimorpatbuv, 2eKTpOHHOH MHKpOcKONMu UM peHTrenorpamuu 
1OKa3aHO, TO B 30HE MOpaxKeHHA MeTaJJIa MCKPOH MMeeT MeCTO IwiacTMyecKkan 
neopmanuusa (1-4). Hav6onee TouHad KapTHHa pacipeyetenun yepopMalui B 
30HE pa3spaAa MoxeT ObITb NOJYYeHA METOJOM, MO3BOJIAIOLHM BbIABJIATb OTICJb- 
Hble JMCOKAWMOHHbIe edpeKTHI. 

B Hacrosilei padoTte uccmeqoBaloch pactipesesieHue TUCIOKaluh, Cco3aH- 
HbIX HCKPOBbIM pa3pA0OM, MeTOJOM TPaBJIeHHA Ha MOHOKPHCTalMax BUCMyTAa, 
CypbMbI 4 WHHKa. [lopepxHoctTu, nNosBepraBlinveca OObICKPHBaHHIO H TpaBJeHHIO, 
MpelcTaBAaIA co6ol ckKoubI no MocKocTaM cnaluoctu: (111) aaa BucmyTa u 
cyppmpr u (0001) ana wnHKka. B kayecTBe TpaBHTeseH HUCIOb3OBaHCb: 
20% pactsop HNO; Bp CH,COOH (gaa Bi), 7% pactsop HCl sn CHz,COOH 
(1a Zn) u TpaBuTetb Tuna CP-4 ama Sb (°). 

IlpumMenssiacb Taka MOCMeqOBaTeMbHOCTb OOpaOoTKH KPHCTaJVJIOR: BHAa- 
yale OOpa3zell MpoTpaBMUBacA [IA BbIABJICHHA AHCIOKAaWMH B MCXOQHOM CO- 
CTOAHMM; yuacTKH, CcOep»xKalllue HAMMeHbIee KOJMYECTBO JHCNOKaWHH, NoABep- 
TaJIMCb BO3J/@HCTBHIO OJMHOUHBIX MCKPOBbIX pa3pAOB, MeTOJHKa NMOJyIeHHA 
KOTOPbIX OMHcaHa B (*); nocse OO6bICKPHBaHHA KpucTal doTorpadupoBasca 
(puc. la) H B TOM Ke MecTe mpoTpaBuuBaca BTopu4HoO (puc. 16). Ilocne storo 
BO3JI€ AHOAHBIX MH KATOMHBIX JYHOK OOHapyxXHBaeTcA OObINOe KOJIM4YeECTBO HO- 
BbIX AMOK TPaBJICHHA, CBUJCTeIbCTBYIOWIUX OO HHTCEHCHBHOM OOpa30BaHHH HO- 
BbIX JMCIOKalui. 

Bosse aHOqHOH JyYHKH Ha BHCMYTe H CypbMe HOBbIe JMCTOKaMMM cocpejo- 
TOYEHbI B 30He, OFPaHH4YHBaeMoli OKpy2KHocTbIO. J/uameTp ITOK 30HbI d; HAMHOTO 
IpeBbliulaer WMaMetp AyHKud,. aa anoquoro paspaya d./d, 4—4,5. EctecrBenHo, 
YTO MIOTHOCT JHCMOKAalAH p ABJIAeTCA HaMOosee BbICKOH y WeHTpa JYHKW MW CHH- 
*KaeTCA MO Mepe ylaJIeHHsA OT HeETO. ITO BUHO U3 puc. 2a, KpuBaa J, re MOKa3saHO 
paciipeyeweHve p BO3Ie AHOJHOH JIYHKM Ha BHCMyTe BJOb JIMHHM, Mpoxo- 
Asien yepes WeHTp AyHkKu. B mMakcumymMe p—=2-10’ cm~?, uTo Ha 7Ba NOpA- 
Ka IIpeBbllliaeT MAaKCHMaJIbHYIO TIOTHOCTh JMCIOKalHH B WMCXOAHOM KpH- 
cTasue. 

Ha kpuctamax BUCMyTa MeTOJOM NOCAOHHOFO CTpaBMBaHUA yaerTca Mosy- 
UHTb OOBEMHYIO KapTHHy pacpeseneHuA TUCIOKauMi B y4uacTKe, NopaxkeHHOM 
WcKpoBbiIM paspayom. Ha puc. | 6 npuBezeHa Mukpotbororpadua AMOK Tpa- 
BJICHHA Ha ruyOune 75 MW OT NOBEpXHOCTH, NopaxkeHHoO paspsyOM, a Ha puc. 2a, 
Kpuspie //—JV — rpabuku pacnpefeneHua MAOTHOCTH Ha pa3/MUHBIX Tyly- 
Ounax. IlocrpoeHHbii NO STHM JaHHBIM rpauk pacnpeyenenusa p NO HOpMasn, 
MpoxoqAleH Yepes WeEHTP AaHOAHOH MyHKU, MoKa3aH Ha puc. 2 6. OcobeHHocTb 
MOJYYeHHOTO paciipeseJeHHA COCTOHT B TOM, 4YTO p COXpaHAeT BbICOKOe 3HaYeHHe 
(> 10% cm?) TonbKo Ha ruryOune Jo 25p. Ha rayOunax 25—100 p nnorHoctp 
IMCIOKalW H3MCHACTCA B HE3HAUHTEIbHBIX Mpenemax —oT 1-10® no 5-105 cm?, 
a Jlabie cilelyeT pe3skoe CHWKeEHHE NO YPOBHA CpeyHel MNOTHOCTH JNCAOKA- 
IH B HCXOQHOM KpHcTawe. 
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Hoe TpaB 


Pue. 
Puce. 4. 
PLAT on 


. 


‘a 


§ 


Tloenoiinoe CTPaBJIMBaHHe MO3BOJIA€T MOCTPOUTL MpOdHJib 3OHbI, 3alOJIHeH- 
HOM HOBbIMM JMCIOKAMAMH, B MJIOCKOCTH, NpOXxoAMleli vwepes WeHTp JIYHKH 
‘MepneHAMKyIApHO MOBepXHOCTH OObICKpHBaHuA. Takoli mpodumb mnoKa3aH 
CMMOWHOH IMHHel Ha puc. 3. Tam xe MYHKTMpHbIMM JIMHMAMM pasrpaHHyueHbl 
OOaCTH C Ppa3IMYHOH MIOTHOCTHIO AHCHOKaUNii. 


SS ee EE ee eee — 
0 025 Q50mm 0 50 1004 0 Qi @Q2 Ms 


Puce. 2. a—pacnpenenenie mMmoTHOCTH] AuCoKauHH p Bose 

aHOJHOH JIYHKH Ha BHCMYTe; HYJlb KOOPAHHATbl Ff COOTBETCTBYeT 

WeHTpy JyHKH; ] —wa mopepxuocTu oObicKpuBaHusa, //—Ha ray- 

OuHe 20 wp, JIJ—75 wp, IV—125 pw. 6 — pacnpenzenenue p no 

TayOune A BAONb HOPMaJH, Mpoxo_AileH yepes UWeHTp aHOHOH 

JIYHKU; 6 — pacnpeyemenne p Bose KaTOAHOH WyHKu. Koopaunata 
Ar orcuutpipaetca oT Kpad aynku, Ar=r—d,j, 


Anaiu3 OObeMHOM KapTHHbI pacnpeseleHua TuCMOKauMH, WpexcTaBseHHoH 
Ha puc. 2, MoKa3biBaeT, YTO HaHOoee HHTCHCHBHOe OOPas0BaHHe AuCMOKALHH 
IIPOUCXOAMT B TOHKOM HpHMOBepXHOCTHOM CyI0e. OCHOBHOM OObeM 3OHbI BIHAHHA 
paspafa cofepxKUT AucMOKalMu c moTHocTEIO 5-+10°—1-10% cm~?. 

PacnpefemeHve JuctoKalMi Bo3me KaTOAHOH JIyHKM Ha nsocKoctn (111) 
BUCMYTa H CYPbMbI 3HAYHTeIbHO OTMIM4YAeTCA OT PaclipeseIeHHA BOSE AHOTHDIX 
wyHoK. Bo-nepsBbix, oTHOmeHHe d./d; WA 
KaTOJHOH JIyHKH paBHo 2—3. Bo-sto- 
PbIX, BO3JI€ KATORHOM JYHKW AMKU TpaB- 
JIGHUA CO3AaIOT TBE KOJIbILeEBbIe OOaCcTH 

_(puc. 4a): BHYTpeHHioIo — TeMHY10 H Ha- 

pyxHyto0 — Oouee cBeTayio. [Ipu 6oub- 
IIMX YBeIM4eHHAX BHJHO, YTO TeMHOe 
KOJIbILO COCTOUT U3 TTyOOKHX OCTPOKO-: 
HeYHbIX AMOK, a CBeTJIOe — M3 MeJIKHX 
TWIOCKONOHHBIX AMOK. I[IjocKOJOHHbIe 
SAMKH MOABJIAIOTCA OOBINHO B MeCTE BBI- Puc. 3 
TPaBIMBaHHA HEOOMbUION TUCMOKAaHOH- 
Hou nerau. Ilostomy HapykHoe (cBeTIOe) KOJIbIO CeMyeT paccMaTpuBaTb Kak 
CKOMIeHHe THCIOKAalHi, 3aXBaTbIBaIOWLMX TOHKMA MOBePpXHOCTHBI col KpH- 
cTaia. Pasnqenenue Ha Be OOACTH OTYeTIHBO BUAHO TakKxKe Ha rpaduke 
pacnpeseseHud p Bose KAaTOHOH JyHKH (puc. 2 6). 

TlocanofHoe cTpaBMBaHHe KpHCTasa BUCMYTA, COJep2Kalllero KaTORHYIO JyH- 
KY, MOKa3bIBaeT, UTO H B 3TOM CJly4ae MPOHCXOAUT pe3KOe CHHKEHHE IIOTHO- 
CTH JuCHoKawui Ha rmy6une nopsyKa 25 wu. 

OcHOBHad OCOGeHHOCTH paciipesesieHuA WMCOKaNNi Bose EMHMYIHbIX aHO]- 
HbIX HW KATOJHBIX cleqoB pa3spaya Ha mocKocTH (0001) MoHoKpucTamioB WHHKa 

| COCTOHT B TOM, 4TO HOBbIe JUCMOKALHN BOSE AHOZHOM JLYHKM 3alONHAIOT 30Hy, 


Ne —=—_— — 


N _§10%p< 7108 


- orpaHH4eHHy!o WecTHyroIbHHKOM (puc. 46), XOTA caMa JyHKa Bcerga UMeeT 


i 
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OKpyruble OvepTaHusA. CTOPOHD! WecTHyPObHUKAa .NapasWIeIbHbI HallpaBJeHNAM 
mpu3mMaTwyeckoro cKoubxeHHA [110], H AMKM TpaBMeHHaA BbICTpOeHbI NpeuMy- 
WWeCTBeHHO 110 3THM xe HalpaBseHuaM. IlockobKy Mome TepMMYeCKHX Ha- 
Ipsxkenui mpu oObickpuBanuu maockoctTu (0001) WHHKa ABJIAeTCA aKCHaJIbHO 
CHMMETPHUHbIM, OOpas0BaHHe LWIeCTHYFOMbHHKAa CBUJETEIbCTBY€T O TOM, UTO 
yBeIM¥eHHe KOJMYeCTBA THCIOKaLMH B WMHKe MpOHCXOAUP MpeMMyllecTBeHHO 
IlyTeM AaBTOKAaTaJHTHYeCKOTO Pa3MHOXKeHHA AMCMOKAMMOHHBIX MeTeb MpH UX 
IBWOKeHHH B IWIOCKOCTH CKOJIb%KeHHA (MOMOOHO TOMY KaK 9TO HaOwIOAaOCcb B 
paodote (°)). Ha uHHKe ocoOeHHO OTYETAMBO BbICTyMaeT pasIM4Ne B paciipesese- 
HHH JMCiIOKauMH Bose aHOHOH HW KaTORHOH wmyHoK. Jia aHOZHOH JIyHKM 
ds/d, = 4—5, gaa Katogquon d./d,; = 1,25—1,75. Bosme kaToqHOH JyHKM Ha 
IMHKe AMKH TpaBJeHHA TOXKe BbICTPaHBaIOTCA IIPeHMYLECTBEHHO MO HallpaB- 
nenusm [110]. 

Bo3sHukHOBeHHe JUCMIOKalHli MPH 3IeKTPOMCKpOBOH OOpaooTKe KpHCTaJJIOB 
IIPOUCXOUT B pe3yJIbTaTe CeLyIOWHX PUsHyeCKHX MpoleccoB: a) Nopaxkenus 
MOBepXHOCTH YapHO BO3LYWHOK BOJIHOM, BOSHUKAIOIeH B. MexK3JIEKTPOJHOM 
IpOMexKyTKe; 6) MIaBJICHHA KPHCTaWa W 3aKaJIKM *KHLKOH (asbl; B) OOpasoBaHuA 
HMIIYJIbCHOrO MOA TepMHYeCKHX HallpsxKeHHH. B COOTBeTCTBHH C 3THM HHTe- 
rpauIbHoe pacnpeweleHuve THCIOKaMi B 30H NOparxKeHHA Pa3pATOM MOKHO pas- 
JIOKUTb Ha OTICIbHbIE COCTABAIONLMe, KAKO U3 KOTOPbIX COOTBETCTBYeT OHH 
W3 MI€pe€4HCJICHHbIX (PUSHYeCKUX TPOLMeccoB, BbISbIBAIOWIHX OOpasoBaHHe AHCJIO- 
Kallult. 

BosqyliHad yapHad BOJIHa MOKeT MPHBOANTb K OOpasoBaHHlo AHCOKalMu 
TOJIbKO B TOHKOM IIpHIOBepXHOCTHOM cJIoe. MMeHHO eH OOA3aHbI CBOHM IIpOHc- 
XOXKJeHHeEM OOJIACTH MeJIKUX JMCJIOKAWHOHHBIX NeTeJIb, OCOOeCHHO OTHETJHBO 
HaOsOMaBUIHXCA BO3e€ KATOJHbIX JYHOK Ha KpucTawax CypbMbI (pyc. 4 a, 
BHelllHee CBeTIOe KOJIbIO). KpHBble, OMMCbIBaIOWIMe paciipesewenne THCIOKayHH 
BO3e KATOAHOK JYHKH (puc. 2 6), pacnamatoTca Ha ype BeTBu: klm xu ni’p. 
Betsb ni'p ouepunBaeT pacipeyemenne JMCIOKawHi, BOSHUKAIOULHX MO BJIUA- 
HHeM BO3JYWIHOH yapHOH BOJIHBI. 

[InapseHve KpucTasia MW 3aKaiKa KUTKON (Pa3sbl XapaKTepHbI WIA paspAga 
Ha aHoze (*). O6sacTb oMaBJIeHHA Ha AHOse 3aXBaTbIBaeT JYHKY H He3HadHTeJIb- 
HbIM yuaCTOK IIpHJleraiolleH MOBepXHOCTH MH TOHKOTO MOBepXHOCTHOTO CJION. 
PacnpegeeHHe JMCOKalHi, BO3SHHKAIOWIMX B pe3yJIbTaTe 3aKaIKM %KHKOU 
(pasbl, ONMCbIBAeTCA BeTBbIO abc KpuBOoH J Ha puc. 2a. XapakTepHo, 4TO rpaduk 
pacipeqeeHHA JHCOKaWHH Ha HEKOTOPOH ryOuHe OT aHOAHOH JYHKU (Hanpu- 
Mep; KpHpas /J puc. 2a) yxKe He cosepxKUT TOUeK Meperu6a (KaK Ha yuacTKe 
bb’ xpusol /). CneqopaTembHo, Ha COOTBeTCTBYIOILell ryOuHe OT MOBepXHO- 
CTH BJIMAHMe (bakTOpa 3akaJIKH %KUTKOM (ha3sbl MpeKpaTHsocb. 

Han6onbuinii O6beM MeTaJIIa B 30H NOpaxKeHHA paspAJOM 3aHAT ANCAOKa- 
ILMAMU, BOSHHKAIOIWLMMH NOX BAIMAHHeEM TepMHYeCKHX HanpsxKeHHH. Pacnpesese- 
HWe TaKHX JNCIOKAWM BO3se KATOLHOH JIYHKH (puc. 2 6) XapaKTPH3yeTCA BETBbIO 
kim, Bose AaHOAHOL JyHKH — BeTBbIO ab’e KpuBoli J uw KpuByrmu J/—J/V Ha BceM 
HX TIpoTsKeHHu (puc. 2a). 

J\ucnokawun, BO3HHKaIoulMe MOA elicTBHeM TepMMueCKHX Halps*KeHHH, 
3aHMMAIOT BO3JIe AHOJHOH JIYHKH Topa3yzO S6OsIbINHH OObEM, YeEM BO3Ie KATONHOH. 
ITO MOXeT ObITb OOACHEHO TEM, YTO JWI BOSHMKHOBeHHA CTAGHIBHOH WUcIOKa- 
I\MOHHOH MeTIM TpeOyeTcA KOHCUHbI MIPOMeXYTOK BPeCMeCHH Tyn. ECM JIUTedIb- 
HOCTb HMUYJIbCa TEPMHYeCKHX HalpsKeHHM OKaXKETCH MEHbILNE Tan, TO AHCJO- 
KallM He BOSHMKHyT. CorsacHo pa6ote (+), Ha KaTome mpotlecc 31eKTpHyeckon 
SpPO3HH OCYIMLeCTBAeTCA IyTeM «MHKpOB3pEIBa». TepmMuyueckHe HalipsxKeHHA 
Ha KaTojle pacTyT HaCTOJIbKO ObICTPO, YTO paHbIIe YeM YCHeeT BOSHHKHYTb 3a- 
MeTHOe KOJIHYCCTBO JMCNOKAWMH, MOcTHTaeTcA pa3pyilaromlee HanpsmKeHHe HU 
MPOUCXOMMT OTKO YacTHYeK MeTaa. B TO Ke BpeMa Ha aHOJe Mpouecc seKTpH- 
YECKOH SPO3HH HCT MYTeM IaBJIEHHA MeTaJIIa, H BOJHa TepMHYeCKHX Halips- 
XKCHHH ABJIAeTCA Oowlee TIMTeEIbHOM BO BpeMeHH. EcTecTBeHHO, ¥TO B MOCJIeqHeM 
CJlyuae 30Ha, 8aNOJIHeHHaA AHCMOKaUHAMH, OyjeT Gombe, YTO H HaGsIOaOCcb 
9KCHEPHMeCHTAJIbHO. 
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TakuM OOpa30M, MeTOA TpaBJICHHA, BLIABAAIONLMI OTIebHbIeC JucMOKaLUH, 
MO3BOuIAeT MOTYYMTh WeHHbIe CBeeHUA O06 OCOGeHHOCTHX SeKTpUYecKOH 3po- 

3MM KPUHCTAaJJIOB, CJTYKAalMX AHOJOM H KaToyom. MetoyoM TpaBwieHHA C OOubIION 
_ CTeneHbIO TOUHOCTH pasrpanu4MBalorcs CeLylollNe SOHNE, peTepmeBaronlue cy6- 
_ CTPyKTYpHble H3MeHeHUA MO JeHCTBMeM MCKPOBOrO paspxAMa: a) 30Ha MaBIeHUA, 
_ orpaHnueHHas BeTBbIO abc KpuBoli J Ha puc. 2a; 6) 30Ha BAMAHHA TepMHYeCKUX 
| *HallpsxKeHUM, ONMMCbIBAeMad BeTBbIO ab’e KpuBolt /, KpuBbimu JJ/—IV ua puc. 2a 
uw BetBbio kim puc. 2 6; B) 30Ha BOSJeHCTBUA BO3LYWHOM BOJHbI, OrTpanvuuBae- 
Mast BeTBbIO 7/l’p rpacduka, MpeycTaBsenHoro Ha pu. 2 @. 

Kpome Toro, BbIABJIeHHe CKOMIeCHH AucOKaLMl B OOacTH NopaxkeHua KpH- 
cTalla HCKpoOH OObACHHeT MeXaHH3M YIIPOUHeHHA MeTaJa IpW 93eKTpOUc- 
_ KpoBoH OOpaborTKe B TOM CJlydae, KOrja NOCeIHAA OCYILECTBIAeTCA Ha UMCTHIX 
_ MeTasllaX M He CBA3aHa C H3MeHeEHHeEM XMMMYeCKOrO CocTaBa OObICKpHBaemoln 
MOBepXHOCTH. 


XapbKOBCKHH NOMMTeXHMYeCKHH Tlocrynus0 
uuctuTyT um. B. VU. Jlennua 25 XII 1960 
eh HWMTHPOBAHHAA JIATEPATYPA 


i 


1K.A. Muuypu 


} 

i H a, Min. Il pan ex ave Ba, Pa Be Coa eiaeisn. 
»AH CCCP, cep.cdus., 15, 418 (19 

5 3G 


2H. Kan apn nal Ls B. Oa wepraenemoecerur 


A 51). 

Mock. yuus.,3, 15 (1952). .-.R. Wilms, J.B. Wade, Metallurgia, 54, 263 (1956). 
Mol. ©. Plamaruurx, A. A. JIepueuxko, Kputrannorpabua, 3, 612 (1958). 
"5B. M. Kocesuy5, Kpuctannorpapua, 5, 749 (1960). ®B. HxwxoucrTodn, 
14. Tuaman, Yen. cus. nayx, 70, 489 (1960). 
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Jloxanaygn AkaweMuu Hayk Cccp 
1961. Tom 138, Ni 4 


TEXHHYECKAA PH3HKA 


B. H. WEJIOBCKHH wu H. M, BAHCOEJIb], 


3JIEKTPOHHOMHKPOCKONHYECKOE HCCJIEMOBAHHE 
CTPYKTYPbl HATPHEBOBOPOCHJIHKATHBIX CTEKOJI 
(ITpedcmaeaeno axademukom I]. A. Pe6undepom 3 XIT 1960) 


|.Oco6eHHOCTH HaTpHeBOOOPOCHJIMKAaTHbIX CTeEKOJ, CBASAHHbIC C ABJICHHAMU 
pa3qeleHua Ha ABe cpasbi ('), onamecueHuMel (*), AHOMAJIbHBIM pacceAHHeM CBeTAa 
(°) uw TloslyueHHeM Ha HX OCHOBe NOpHcTEIX (*) H BbICOKOKPeMHE3eEMHCTHIX CTEKOV. 
(4), BBI3IBaIOT OCOObILi MHTepec K MCCeqOBaHuIO UX CTpyKTypbl (°~°). 

B HacToslel padoTe usy4asucb cTeKsIa cocTaBa (B Mom. %): Na,O 7, BO; 23, 
SiO, 70. MccreqoBaucb H3MeCHeCHHA CTPYKTYPbl 9TOTO CTeKJa, IpOHCxoAAulMe 
C yBeIMYeHHeM JWIMTebHOCTH TepMooOpadorTKH oT 6 Jo 192 uac. MpH NocTOAHHOM 
Temnepatype 645° u c u3MeHeHHeM TemMepaTypbI B HHTepBawle oT 695 Jo 755” 
IPH MOCTOAHHOM MpOAOMKUTebHOCTH TeMOBOli O6pa6oTKu (1 yac). 

Tlompo6uble uccieqOBaHHA STHX OOpPasiloB Ob NpOBeeHbl MeTOZaMu pac- 
ceaHusa cBeta (1°, |) mw paccetHHA PeHTTeHOBCKUX JyYeH MO MaJIbIMM yrslaMu 
(7), 4TO MO3BOJIA€T CONOCTABHTb Pe3YJIbTaTbl UCCJIeOBAHHH C HeMocpeACTBeH- 
HbIMH HaGJIOCHHAMH CTPYKTYPbI ITHX OOPa3OB MeTOaMU SJIEKTPOHHOH MHUKPO- 
CKONMH. 

SMeEKTPOHHOMHKPOCKONHYeCKOe HCCeOBAHHE MPOBOAHJIOCb MeTOJOM OJHO- 
cTyMeHyaTo yrouIbHOli peNMMKU C MpelBapuTebHbIM OTTeHeHHeM xpomom (1*) 
Ha 3JI@KTpOHHOM MuKpocKorie IM-100 npu HanpsxeHuu 75 KB HM yBeJIMYeHHH 
14000 x. HM3yyanucb cBexHe CKOJIbI OOpaslOB, MpOTPaBJICHHbIX JIA BbIABJIE- 
HHA CTpyKTypbl B TeyeHHe 5 cek. B 12% nmaBuKoBOH KucJOTe. 

B cBx3H C TeM, YTO CKOpOcTb pacTBopeHua B HF menoawHoOopaTHou da3bi B 
JecATKH pa3 Ooubile, YeEM CHMKAaTHOH ('4), MOX%KHO CUMTATb, UTO 34 BPeMA TPaB- 
JIGHHA PACTBOPAIOTCA MOBEPXHOCTHbIe MeIOYHOOOPAaTHble YaCTHIUbI, Aa KPeMHE3e- 
MUCTbIM CKeJIeT OCTaeTCA MOUTH HEH3MeCHHbIM. ITO OblO NOATBEpKAeHO TpaBue- 
HHeM wacTH OOpasiios (puce. |, 6’, e’) BCOAHOH KuCMOTe, pacTBOpAIOUeH HaTpHe- 
BoOopaTHble YaCTHUBI UH He JeHCTByIOUleH Ha CHIMKaTHYIO cda3y. TpaBseHue 00- 
pasuos 8B HF u HC! seiapaaer nogo6uyto ctpyktypy (puc. |, 6u 6’, e ue’). 

XapakTepHbIM CTPYKTYPHBIM 3JIeEMCHTOM JIA BCeX HCCJIEMOBaHHbIX OOpasiloB 
ABIAIOTCA YACTHUBI, OM3KHe K ccbepHYeCKHM, KOTOPHIe OOpa3yloT arperaTbl He- 
MpaBuIbHOK MopMbl u3 3—5 actu, COCAMHEHHbIe HeMpepbIBHOM CeTbIO Ka-- 
Haslos (puc. 1, 0, B KpyxKxke). 

Cpequue pa3Mepbl "actu, HaTpHeBOOopaTHON chasbl Rep U MOMyWIMpHHa 2We- 
M€HTOB KP€MHE3eMHCTOFO CKeseTa NOTH OMMHAKOBbI HW 3AKOHOMePHO BOSpacTalwoT 
IPM YBCIMYCHHM MPOLOKHTeMbHOCTH TepMooOpaboTKH (cM. pHc. 3 u Taba. 1). 
VurepecnbimM (akTOM ABAAeTCA CpaBHUTeNbHO HeOombUOH ({nopagKka 15%) 
pasOpoc pasmMepoB YaCTH WIA KaxKOPO U3 HCCeOBaHHbIX OOpasilos. 


Ta6dauna 1 


Bpema BbigfepaKu mpu 654°C, wach 6 12) 24 48 72 144 192 ' 
Uneno uacruy B 1 cm 13-1014 6,6-1024 5,0-1014 2,0-10! 1,0-10! 064-10 0,52-10% 
Dep., MEL 45 68 83 120 450 190 200 
OruoccuTebHbIit O6beM Ha- 

TpueBoboparHoli basi, % 23 20 25 22 22 24 25 


Mismepenupie SHAYCHHA paluycoB YacTH Rep OKa3amucb B 3—4 pa3a MeHb- 
mle SHaYCHHH Ry, ONpeWeJIeHHbIX JIA COOTBETCTBYIONLHX OOpaslloB MeTOaMH 
paccesHuaA CBeTa, Mp KaveCTBeHHO OJMHAKOBOM XapakTepe H3MeHeHHA Rep H 
Rop- YKasaHHoe pacxorKJeHHe MOxeT ObITh OODACHeHO HasMUMeM arperaToB 
M3 HeCKOJIbKUX YacTHi (puc. 1, A), KoTOpbie H OG6ycNOBAMBaIOoT paccenHue, a 
TaKKe HEIMPHMeHUMOCTHIO OOBINHDIX (OPMYsJI paccesAHUA K MOAOOHEIM KOHTeHCH- 
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PAH a. 438) 


No 4, 


. @ — %— TpaBse- 
192 wac. 


CT 


— TpaBJeHHe B HC] a — 6 y 


MHKPOCKONHYeCKHe CH HMKH 


mee 


QVI€KTpOHHO 


Ik 


HHe B HF, 6’ 


Puce. 


We mo6ck uit , Baticheuby 


paTypax 


PH pa3HbIX Temne 
755° 


padoraHHbIx mn 
°, 6 — 735°, 2 


e€KOI, 06 
5 Or TANF 


695° 


B TeyeHHe | uaca. a 


Puc. 2. Crpyxtypa HaTPHeEBOOOPOCHIHKaTHIX cr 


i 
POBaHHBIM CpeaM IIpH paCCTOAHUAX MexK)ly YacTHILaMH NOpAyKa UX pasMeposB. 
Cuenyet ormetutb, uto H. A. Botitmsuano (1%) cuvtana BosMoxKHBIM passmu4He 
Rog ¥ Rep (UpH NocToAHHOM Kosdhunnente NponopiuMoHabHOCTH) BBY OTWH- 
YHA POPMBI YaCTHL OT cibepuueckoli u pas6poca pasMepoB YacTHIL. 

\ OueHkKa oObema, 3aHuMaeMoro HaTpHeBoOopaTHOH COCTAaBJIAIOULeH, MPOM3BO- 
‘AuMach MYTeM BLIYHCeCHHA CpeqHero OObeMA OTICMbHbIX CPepM4YeCKMX YaCTHIL 
4 cpefwero 4NCJIa UX B eNMHUIe OObeMa NO JaHHbIM 9JIeKTPOHHOMHMKpockonH- 
_4eCKHX CHHMKOB. YUHTHIBAJICA Takxe OObEM KaHaJIOB, COCIMHAIOULUX OTeJb- 
“HbIe WaCTHUBI. OWeHKa OObeMa KaHasOB MexKLy YaCTHUAMM MOKasala, YTO OH CO- 
| cTaBaseT oKo0 20% oT OOnIero O6beMa YaCTHI AIA BCeX HCCAeOBAaHHBIX, 06- 
: pasnoB. OmenKa c y¥eToM OObeMa KaHaJIOB NOKaSbIBaeT, UTO C YBEIHYCHHEM Mpo- 
| AOJLKUTEMbHOCTH BbIAEPAKKU MPH aHHOH TeMMepaType OTHOCHTeJbHbIM OObeM 
| HaTpHeBoOOopaTHO ashi ocTaeTcH MpakTHYecKH MOCTOAHHEM (puc. 3) Hu cocTa- 
_ BulseT OKONO 25%, 4TO xOpolo cormacyeTcaA Cc JaHHbIMM MO OOBeMHO ycanKa 
TIP CMeKaHUH STHX CTeEKO TMocuJe BbI- 

: uleauuBanusa (*). OuesufzHo, poct 

| Pa3SMePOB YaCcTHIL MPOMCXOANT 3a cueT 
“TOrIOWeHHA Ooee MeIKHX UaCTHIL Mee 
| Gonee KpynHEIMA nyTem Audppysuu 400 

COOTBETCTBYIOMHX (a3 6e3 Uu3MeHe- 

HHA WX coctasa (1%). ; 


Puce. 3. SaBHcHmMocTb pa3MepoB 4acTHI, = 
4HCJIa YaCTHIL H OTHOCHTeJIbHOrO OObeMa Ha- = 200 
“TpHeBoOopaTHOH Ca3sbi OT AJIHTebHOCTH O6- = 


padorkv pH nocTrosHHOM Temnepatype. J — 

CpeqHHH payuyc yactrun R oh eg aan acpcbek- 700 
“THBHBI paquyce uactun Roo (10 jaHHBbIM 
(4); 3—aneno uactun n B 1 cu’; 4— 
OTHOCHTeJIBHbI OObeEM HaTpHeBobopaTHoOli 0 40. 80 120 160 200 4aC. 
. (ba3bl —> 


_ Tepmoo6pa6orka crekon mpu Ooulee BEICOKHX TemNepatypax — oT 695 yo 
‘YA5° MIpHBOANT K 3HAYHTeIbHOMY YBeJIMYCHHIO pa3sMepoB YaCTHIL yxKe IPH He- 
OobINIOH NpoOMKUTeEMbHOCTH BLIZepKKH (cp. puc. 2, a, 6 c puc. l,au Tabu. 2), 
TipuueM OOWNH XapaKTep CTPYKTYPbI B H3y4¥aemMolt OONAacTH TemMepaTyp coxpa- 
“HAeTCH. 
Ta6 a way 2 

T-patnpu BoimepxKef 1 uac, °C = 695 715 735 755 

Dep, MUL 57 66 120 8 


ee 


. B o6pasue, mpomtentiem o6pa6oTky B TeyeHne | uaca mpu Temmepatype 755°, 
“OMaslecieHMH yxKe He HaOmOJaeTca. Peskoe yMeHbINeHMe 391eEMeCHTOB CTPyKTYpbl 
‘lO pa3sMepos rlopsyKa 8 mp (puc. 2, 2) MoxkeT CBUJeCTeIbCTBOBATb O B3AHMHOM pac- 
“‘TBOPeHHH (has Ip TeMMepaTypax, JIexKallUX BbINe OOacTH ONaeCcleHILHM. 


TocyqapcrBeHHbIl HayYHO-HcceAOBaTeIbCKMM HHCTUTYT Tlocrynuso 
QJIEKTPOTEXHHUeCKOTO CTeKla H TexHOorMueckoro 3 XII 1960 
3 o6opy0BaHHA 


k IMTMPOBAHHAA JIATEPATYPA 

1, 1Y. B. Fpe6eumuKos,. O. C. Monuanosa, JKOX, 12, 588 (1942), 
mc. ti kK mano'B; JIAH, 92, No 3, 597 (1953). ° A.W. Konagun,. JIA, 109. 
Bio 1, 64 (1956). 4M. E.Nordberg, J. Am. Ceram. Soc, Ne 10, 299: (1944), 
mC. Il) Kuauos, JAH, 82, 281 (1952). ®* Tosio Abe, J. Am, Ceram. Soc., 35, 
We 11, 284 (1952). 7 0.U. Jlesun, C.Tl. Kaaunos, E.A. Mopat-Komnunuy, 
Mss. AH CCCP, OXH, 1955, Nel, 31. ®C.Il. Kaanos, E.A. Tlopat-Komuu, 
@i- VU. Jies uu, Vas. AH CCCP, OXH, 1955, Ne 2, 197. ® E.A. Tlopan-Komun, 
(C.Tl. Kaauos, J.W. Jiesuu, Mss. AHCCCP, OXH, 1955, Ne3, 395. 1° H.A. Bo i- 
WBuaa.0, Ontuka uw cnextpockonus, 2, Ne 3, 371 (1957), UH. A. BotmBuauno, 
Onruxka un cnextpocxonua, 3, No 3, 281 (1957). H.C. Anuypees, B. UH. ABeps- 
wuos, H.A. Botmspuaao, us. teepz. Tena, 2, B. 5, 1011 (1960). B. UM. Mle 6- 
xu, H. M. Batichbeaba, Crexno u Kkepamuxa, Nod, 23(1960), 4 H.A. To- 
ponos, K.C. Espctponbsbes, XHMHA KpeMHHA H CSU3sHueCKaA XHMHA CHINKaTOB, M., 
1956. %H. A. BottmsBpuaano, Ducceprauns, Jlenunrpag, 1958. 1° H. B. Couao- 
(Muu, COopn. nayau. pa6or mo crexny, 1950, crp. 34. 
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Jloxaanm Anagemun nayrx CCCP 
1961. Tom 138, Ne 4 


TFEO®PH3SHKA 
Usen-Koppecnonyent AH CCCP H. E. CTAPHK u X. A. APCJIAHOB 


BO3PACT NO PAXMOYFJIEPOLY HEKOTOPbIX OBPASILOB 
YETBEPTHUHOrO MNEPHOJA 


B nacToslei pa6oTe MpHBOAATCA pe3yJIbTAaTbl JaATHPOBAaHHA NO pasMoyrue- 
poky o6pasioB veTBepTHYHLIX OTMOKeHHH Esponelickoh uacru CCCP, noay- 
YeHHbIe C MOMOM[bIO paspaOoTaHHOH HAMM CUMHTHJJIAWHOHHOH MeTOAMKH aTH- 
popaHua (',”). M3 yraepogza uccaeqyeMblx OOpa3OB ObIJIM CHHTe3MpOBaHb! CILMH- 
THJWIAWMOHHbI€ PpaCTBOPHTeIH ITHIOCH3O/1 HIM O€H30J1, B KOTOPbIX AKTHBHOCTb 
paquoyriepola onpekesaAacb Ha CILMHTHJIIAWMOHHOM CUCTYHKe MeTOJOM COB- 
maqeHHun. 

Jima yqalenun KapOonaToB OO6pa3iibl NpesqBapHTeJIbHO OOpabaTHIBaIHch pac- 
TBOPOM COJAHOH KUCIOTHI. Bce ApeBHue OOpasi{bl, COCTOAILHe B OCHOBHOM H3 
Ppa3JIOKUBUIEHCA JPeBECHHbI, ObIIM IpeLocTaBJIeHbl HAM B OrpaHHYeHHOM KOJIH- 
yecTBe H HOITOMy He OOpabaTHIBaIHCb PaCTBOPOM IWeJOUN C WebIO yasieHHA 
TYMMHOBbIX KHCJIOT, TaK KaK CielMaIbHO MpOBeeHHbIM OMbIT MOKa3aJ, UTO pH 
oOpa6oTKe pa3JIOMKUBINEHCA JPeBECHHbI PaCTBOPOM INeOYM YHOCHTCA 3Ha4dH- 
TeJIbHad YacTb OOpa3zia. OTcyTcTBHe TaKOH OOpaOoTKH B cy4yae ApeBeCHEIX O6- 
pa3iloB, MO-BHJMMOMy, He MOrio BHecTH Ooubuon ommOKUu. UccneqoBpaHua O.- 
coHa 4 Bpokepa NO M3y4eHHIO 3arpxA3HeHHOCTH OOpa3IlOB MOKa3aH, 4YTO 3a- 
rpxA3HeHHe JIPCBeECHHbI TYMMHOBbIMH KHCJIOTAMM, MIPHHOCHMbIMH TpyHTOBbIMH 
BOJAMH, BO3MOXKHO, HO He ABJIAeTCH MpaBusiom (*). MHorounceHHbIe He OOpa6bo- 
TaHHBIe WeOUbIO OOpPasbl JPeBeCHHbI MOKa3aIM BO3pacT 3a peseswaMu wyB- 
CTBUT@JIbHOCTH MeToya (cTapuie 44 Tic. met) (3,4). [yMuHOBbIe KMCJIOTHI, BbI- 
JeJICHHbIe H3 J PCBHUX OOPa3sllOB ApPeBeCHHbI, B OOJIbIMMHCTBe CJIyYaeB MOKAa3bI- 
BaJlM TOT Ke Ipesel BOspacta, 4YTO HM OCHOBHOH OOpasen. Ilomo6ubIe pesybTAaTHI 
MOJYYeHbI TEMH 2%Ke ABTOPAMH MPH pa3eJIbHOM JaTHPOBAHMU pa3JIMUHbIX KOM- 
NOHEHTOB (JIHTHHHA, IWeJJIOIO3bI) ONHOFO UM Toro xe OOpasia. B cmyuae Topda, 
rYMYCHpOBaHHOH NOUBLI, Pa3JIMYHbIX HJIMCTHIX BelleCTB MPOMCXOJMT 3arpsxA3He- 
HHe MOCTOPOHHHMH TYMHHOBBIMH KHCIOTaMM B OoOJbIeH Mepe, eM B cuyyae 
yruid WM fpepecuupl (°). 

OSpa3ubl, HMelollHe HeOoumbIoH Bospact (NeNe 11—15), a Take ApeBHue 
oOpasipt (NeNe 17, 22), KomM4ecTBa KOTOPbIX ObIMIO HeEAOCTaTOUHO JIA CHHTe3a 
OeH30N1a, LaTHpOBaHbI 0 sTHIGeH30Ny. BospacT ocTambHbIX OOpasIloB ompere- 
Jiasca m0 Oensoury. JLaHHbie mo abcoJIOTHOMY BO3pacTy JaTHpOBaHHbIX OOpa3- 
Il0B IIpHBeyeHbI B TaGu. 1. 

O6pasup NeoNe 11—13 6blmM jaTHpoBaHBI C WebIO IpOBepKH HM YTOUHeEHHA 
BO3PaCTa HEKOTOPbIX TOPH3OHTOB FOJIOMeCHOBLIX OTJIOMKeHUNH ceBepo-3anana EsB- 
ponelickol wacru CCCP. OrnocuTeibHad WkKala JIA STOTO paliona, yBasaHHaa 
¢ aOcOJIOTHOM XpoHOsorMyuecKkoH uIKanof, cocrapmena K. K. Mapxosnim (°). 

Ha ocHoBaHuu CHOpoBo-MbIIbIeEBOrO aHamH3a (OPMUpOBaHHe OTIORKeHnUI, U3 
KOTOPLIX B3ATHI OOpasiEl NeNe 12, 13, oTHocuTca K MepexoqHOMy OT Oopeasb- 
HOrO K aTWaHTMYeCKOMy TepHogy, T. e. mo K. K. Mapxkosy, k nepuozy 7000— 
7700 net Tomy Ha3aq. Tlonyyennpre Hamu no paguoyraepogy Bospacret 7370+ 
+210 nu 7970+260 ner no_TBepxKyaloT MpaBHIbHOcTS paspa6oTaHHOl paHee 
WKaJIbl JIA STOW 30HbI. 

Ha ocHoBaHHu CHOpoBO-biIbUeBOrO aHamu3a o6paser Ne 11 qomumKeH HMeTb 
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BospacT mpumMepHo 4000 mer (Kone aTaaHTHuecKoro — Hayano cy66opeanb- 
Horo mepuoga). Ilo pagquoyraepogy o6pasen yzaTupyercs B 3050 +180 ater. 

O6pasey Ne 14 Ha ocHoBaHuM cnopoBo-NbIIbUeBOrO aHasmn3a maTupyetca 
cyOaTJaHTH4ecKUM TepHoyoM (BbIe BepxHero MaKcuMyMa eH). Bospact ero 
MO pawuoyriepoxy XOpolo cormacyeTca ¢ JaHHbIMM CNOPOBO-MbIIbIeBOrO aHa- 
JIH3a. 

Tonouexosbii Bospact uMeeT u oOpasey No 15, saateii c rayOunEl 3 M 
J HammoiimMennoli Teppachr p. Kacnau (spicora Teppacsi-5,5 m). Ilo mHenmo 
B. Il. Ppwuyxka, romy6osato-cepble mecKH B OCHOBaHHM OOHAKeHUA OTHOCATCH 

Ta6auna ft 


No o6Pp. OnucaHue o6pasiya Bospact B roy 


14 Topo c ray6unpt 2,6 mM of moBepxuHocru y 189 xm wocce Jle- 
HHurpay — Ilerpo3apogcx. Momnoctb TopdsnuKa 2,65 m. Ipeno- 
crapyen JI. T. JImcuunot (Mucr. apxeouornu AH CCCP) 3050-++-180 

V2 Topd@ c ray6uup 1,8 M oT BepxHeli CTeHKH HaTOMHTOBOTO 
Kapbepa y Tbippaa Ha.tipapom Oepery p. Heman. IIpenoctapsen 
T. H. Jiucunnuoti 7370-210 

13 Top us o6HaxKeHuA Ha JIeBom Gepery p. OatTp (Jlenunrpamcx. 
oO.) c rayOuupl 4,3 M or OpoBKu o6naxenun. IIpegoctapnen 
I. H. Jlucununon 7970-L260 

14 Jipepecnua u3 nome: p. Kacnan y a. Bonotst Cmomenck. 06.1. 
B3ATaA U3 CNOA Topdba Ha ruy6uHe 0,85 M oT 6poBKH MoMeHHOH 


Teppacst. IIpegocrapneH B. II. [puyyxom (Wucr. reorpaduu 
AH CCCP) 1170150 


15 JIpesecuua c rayOuner 3 M oT OposKu | HagnolimenHol Teppacbl 
p. Kacnau y 3. Bosotss Cmonencx. o6a. IIpegocrapaen B. II. 
Tpuuykom 2630-4160 
17 Jipepecuua u3 TopdavHo-ruTTueBoro ropH30HTa Ha TrayOuHe 4,0 M 
OT OpoBKH oBpara y ga. UepemomwnuK Onu3 r. Poctopa Spocmas- 
Koro. IIpegocrasnen K. K. Mapxossimm (MTY) Gonee 31600 


19 | Toph c ray6uns 4,8—5,1 m of 6posKu ospara Tpemsuxa 6.u3 
r. IIneca. [Ipegocrasnen B. II. PpuuyKom 36600-1500 


20 I\pesecuna u3 Toro xe OOnaxKeHUA, HO c rayOunH 5,8—6,6 M. 
IIpegoctazen B. II. Ppusykom Ocaee 40600 


24 pepecnha u3 ApeBHeaJIOBMaJIbHBIX NecKOB (C paKOBHHaMH MOJI- 
urockos Dreissenia polymorpha u gp.), 3ameraoujux B BepxHeh 
yactu I HaqmolmMeHHon Teppacht p. Bourn y 4. Uepemnnno nHesa- 
jeko of Tr. PpiGancka. OOpa3el, B3AT c rayOuHEI 2 M OT OpoBKH 


Teppacpl. IIpegocrapnen K. K. Mapkospim 25900-+900 
22 TipepecuHa u3 Toro xe TopH30HTa, HO. Ha OovIbIUeH rayOuHe 

(okon0 2,5 M) oT 6popKku Teppacsl. IIpegocrapnen K. K. Mapko- 

BEIM 28800-2000 
23 J[pepecuHa u3 Toro xe OOHAaKeHHA, B3ATAH U3 BEPXHUX CJIOeB 

Tommi rurtui. IIpegocrapmen K. K. Mapkospim 31900--880 
24 Jipepecuua u3 Toro 2%e TOpH30HTa, B3ATAA U3 OCHOBAHHA TOMI 

PHTTMH Ha BEICOTe OKONO 1 M Hag ypesom p. Bouru. IIpeqocras- 

geo K. K. MapKospim 39400--2000 
25 | Jipepecuua u3 oOHaxeHud y p. Uepemyxv Ha 1O*KHOHM OKpanHe 


r. Pri6uncka. Ilo crpaTurpaduyeckoMy MOOKeHHIO COOTBETCTBYeT 
THTTHAM, 3avleralouluM B CCHOBaHUM | HayMoliMeHHOH Teppacel p. 
Boarn y gq. Uepmenuno. OOpasell B3AT U3 CJIOA THTTHH Ha BbICO- 
Te 1,5 M Hay ypesom p. Uepemyxu. Ha ocHoBaHHM CIOPOBO-MIblb- 
WeBoro aHanv3a OOpas0BaHe JaHHoro clon ruTTun B. Il. DpuayxK 
OTHOCHT K KJIUMATH¥eCKOMY ONTHMYMY MUKYJIHHCKOM MexKJeIHH- 
KoBOH smo0xu. IIpegocrasnen H. C. Ue6otapesok (uct. reorpa- | _ , 
dun AH CCCP) 39600-+-2000 
26 Tipepecuna u3 Toro x%e TOpH30HTa, HO Ha MeHbUlel BbICOTe 
(oKono 1,2 mM) Hay ypesom p. Uepemyxu. Cao, M3 KoTOporo B3AT 
o6pasen, mo B. I. Ppauyxy, oTHocuTca K MepBoli MoOBHHE da3bl 
/ KJMMaTH4eCKOrO ONTHMyMa MUKy/HHCKOrO MexneqHMKOBDA. ITpe- 


| mocrapnen H. C. Ue6orapesoli 42700-+-2000 
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K MOJOJOMY BepXHeMJeHCTONeCHOBOMY MexKJIe€JHUKOBBIO, 4 BbilUeNexKalllue cepbie 
mecKH, MouHocTbio 4,1 M— kK rouoweHy, MWpeycTaBJIeHHOMy aTJIaHTH4eCKOH, 
cy66opeambHoli Hu cyOaTaHTHYeCKOH daszaMu. 

CyuTb 0 BOs3pacTe [peBHeO3epHEIX OTMOKeHHH y 2. UepemowmHUuK (oOpasen 
Ne 17) no eqHHuYHOMY OpeseseHHIO, BbIMOJHEHHOMY Ha MaJIOM KOJIMYeCTBE Ma- 
TepHala,He MpecTaB/AeTCA BO3MOXKHbIM. JIA STOrO HeOCOXOAHMBEI JONONHHTEMb- 
HbIe, Goulee CHCTeMaTHYeCKHe ONpeesIeHHA. 

Bospacr o6pasna Ne 19, ycTaHOBJeHHbIH mo Topdy, clexyeT paccMaTpuBaTb 
KaK MMHUMAaJIbHbIl, TAK Kak TOpd), KaK YNOMHHAaNOCb BBIIIe, MOHKET MerKO 3arps3- 
HATbCA MOCTOPOHHHMH TYMHHOBbIMM KuCIoTamu. Tlostomy Bo3spacr o6pa3ioB 
NeNe 19,20 (6omee 40 600 eT A HaYaa MHKYJIHHCKOH MexksIeHHKOBOH 3N0XH 
uw Goutee 36 600 mer aI €€ KOHIa) HE IPOTHBOpeyHT OTHECeHMIO STUX OTMOKEHUH 
K MMKYJIMHCKOH MexKJIeQHHKOBONM 90xe (7), 

Han6Oonee uHTepecHble pe3yJIbTaTbl NOTVYeHbI JWI MexKJICEHUKOBBIX OTJIO- 
*KeHuli 613 r. Pri6uncKa (o6pasub NeNo 21—26). O6pasupr NeNe 21—24 npez- 
CTaBISHOT CePHIO YeTbIPeX MOCMeLOBaTEIbHBIX OO6paslOB U3 OTOReHuL I Hay- 


M 
30 


Puc. 1. Paspe3 nepBolt HaqmOMMeHHOH Tep- 

pacbt p. Boru y 4. UepmMeHuyo c BbIXOZ0M 

ruTrui Moworo-[ekcHHHCKOro MexkKJIeHHKO- 

pba m0 A. MW. Mocxsutuny. J — topd rowo- 

I[CHOBBIH, 2 —TleCOK MeJIKOZePHHCTHIH C PpakO- 

BHHAMH B OCHOBaHHH, 3 —IrHTTHA TIMHMCTaA 
¢€ paKOBHHaMH B OCHOBaHHH 


Ke eed? = Eas 


nolimenHolt Teppacpt p. Bonru y yg. Uepmenuno. OrmoxenuA sToH Teppacni 
mpeqcTaBeHbt 12-MeTpoBbIM cyloeM rHTTHH, MOACTHMAaIOMIMX COM NMecKa MOLI- 
HocTbIO 2,5 m (pu. 1). Tlo A. HW. MockBuTHHy WZaHHble THTTHM B OKpeCTHOCTAX 
r. Pri6uncka Hakonaiuch B Momnoro-[eKcHuHcKOM o3epe, CYyIeCTBOBAaBIIeM 
B TeyeHHe OJHOMMCHHOTO MOJIONOTO MexKJeAHUKOBbS (*). J[Ba nocseqoBaTeAbHBIe 
o6pasia (NeNe 25—26) us o6Haxenus y p. Uepemyxu MMelOT BOSpacT, CXOLHEIK 
c Bospactom o6pasija Ne 24 us ochopaHua I HafmoHmMeHHOH Teppacni p. Bourn, 
UTO TOATBepxKLaeT CHHXPOHHOCTh OOpa3s0BaHHA TOMA YTUTTHH B OOOuX 
myHKTax. Tak¥M o6pa30mM, Cy MO MOJYYeHHbIM 3HAYeHHAM BOspacta, OOpa- 
30BaHWe TOM rHTTHH B USyYeHHOM paiOHe MpORCXOAMJIO BTepHoy NpHMepHO 
42 000—30 000 neT Tomy Hasaz. 

MukysIMHCKOe MeKJICHHKOBbe OObINHO COMOCTABIACTCA C 3EMCKHM MexKJe]- 
HUKOBbeM B SanayHoli Espone. Panuoyraepoguoe aTHpOBaHHe OOpaslloB, OT- 
HOCAULMXCA K KOHILY 9CMCKOTO M@KJEIHUKOBbA HIM OJHOMY H3 PaHHMX MexKCTAa- 
7MawoB, ToKasaio BospacT B 64 000 mer (°). Tlogo6npie we 3HaYeHHA BO3pacTa 
(oxono 70.000 net) 2a Hauana MocmeqHe SMOXH OeeHEHUA NOJYyYeHbI Mo Ma- 
JI@OTeEMMepaTYPHEIM aHaJIN3amM OKeaHHMueCKUX KepHOB (1°). Ilostomy mepuoy oT 
42 000 yo 30 000 net Tomy Ha3aq, B TeueHHe KOTOPOrO TpoucxoxNO Hakorivie- 
HMe TOJMNH THTTHM, 1O-BHMMOMY, OTHOCHTCA K Oosee MOJIONOMY, YM MAKYJIMH- 
CKHH, M@KJIEIHHKOBOMY TepHoxy. SToT nepHon, cyAA MO NosyYeHHDIM 3Haue- 
HHAM BOSPpaCTa, MOXKeT ObITh COMOCTABJIEH C TreTBeHTepCKHM MeKCTaIMaJIOM B 
SanazHok Espone (nporomKutTenbpyoctsio 44 000—29 000 net), Menatum nocjeL- 
HIOIO JI€@NIHUKOBYIO SIOXY Ha CTaHM PaHHHl BIOPM H TIaBHbIM BIOPM,HJIH C MexK- 
CTaMaJIOM, JeJIAIMM BHCKOHCHHCKoe onefeHeHve B Ces. AmMepuke Ha cTaqnu 
PpaHHHM BHCKOHCHH HM rwaBHbI BUCKOHCHH (+1, 1%), ; 

Tlogy4eHnple JaHHbIe HeELOCTaTOUHI AIA OKOHYATeMbHOTO MOATBEPAKTeEHUA Ha- 
JMUMA B palone r. PplOwvHcKa Gomee MOJIOMbIX, YEM MMKYJIMHCKHe, MexKJIeqHH- 
KOBBIX OTJIOMKeHHH. HeoOxosumple B 3TOM HallpaBJeHHH JOMOJIHUTeIbHbIe HC- 
Cle€QOBaHuA OyyT MpOBeeHbI B OHKalillee BpeMa. 
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| B s3akuioyeHve aBTOpb mpHHocsT OnarofapHoctp K. K. Makaposy, B. I. 
‘Tpuuyxy, H. C. Ye6orapesoit, FT. H. JIucuupmoii 3a MpeqocTaBieHve oOpa3iloB 
JI. P. Cepe6psvomy 3a cocrapsenue onucannsa JATHPOBaHHBIX OOPasioB. 


Ilocrynuao 
11 I 1961 


IMTMPOBAHHAS, JIMTEPATYPA 


R poe crapuk, 1B. YI. Wlamon, X: A. Apcenanos, A. Tl. Kap kos, 
-P.M. Mypawos, Paguoxumua, No 1 (1961). 2H. E. Crapux, XoA. Apeaa- 
j Hos, A. Il. Kapkos, Paquoxumua, N22, 259 (1960). 8 E. As Olson, oWi S. Br oec- 
eet eitans. 9N. -Y. Asad. Sci., Ser. 2, 20, NM 7, 593 (1958). oR. (A. v OU SS ionps 


Tp. Komucc. mo u3y4. ueTBepTH4- 
, M. Il. [puayk, Coopx. Jlequuxo- 
“Bbili nepvoq Ha tepputopun Epsponeficxoit yacra CCCP 1 Cu6upu, M., 1059, crp. 39. 
m A.W. MockButTuH, Tp. Haucr. reon. Hayk, B. 88, cep. reo. Ne 26, 5 (1947). 
* HI. De Vries, Science, 228, 472 (1958). °C. Emiliani J. Geol., 63, 538(1959). 
\7. H. Gross, Eiszeitalter und Gegenwart, 9, 155 (1958), 2? R. BL Fa mie Science. 
121, Ne 3149, 649 (1959). 
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JJoxnagmn AxafeMun HaykK CCCP 
1961. Tom 138, Ns 4 


KPHCT AJIJIOPP APH fl 


M. fT. BOPOHKOB 


O ME)KATOMHbIX PACCTOAHHSAX HW MPHPOJE CBA3EM 
Si —O B CHJIMKATAX 


(ITpedcmasaexo axademuxom H. B. Beaoeoim 17 1X 1960) 


O6pmuHo cuntaioT (!-3), 4YTO MexKaTOMHbIe paCcCTOAHHA BO BCeX CHJIMKAaTaX 
COXpaHAIOT IIpHMepHo ofuHaKoBoe 3HaueHHe 1,60 A (°). OnHako MHOroUHCJIeHHbIe 
Pe€HTreHOCTPyKTYpHble JaHHble yOeHTebHO NOKA3bIBaIOT, YTO AWIWHa CBA3H 
Si — O usmeHsetcs B JOBOJIbHO WMpoKux mpefenax 1,5—1,8 A. Syecb MbI Ja- 
JMM 3TOMY TeopeTHY¥ecKoe OGOCHOBaHHe HW MOKaKeM, 4TO, HapsATy C OObIMHbIMH 
JIA KHCJIOPOJHBIX COeHHEHHM KPeCMHUA «CpeqHHUMH» pacCTOAHHAMH MexKIly aTO- 
mMamu Si u O, B CMuIMKaTaX MMeIOTCH ellie «KOPOTKHe» HM «JIHHHbIe», HasIM4ve KO- 
TOPHIX OOYCJIOBJIEHO pasIMYHOli MpHpoyol cumoKcaHOBOH cBxA3H Si — O. 

CBxA3aHHbIe C KPCMHHeEM aTOMbl KHCIOpowa, KaK y2xKe OTMeyamocb pauee (*), 
HaXOMATCA B CHIMKaTax JIM6O B BUe OMHOBaeHTHOTO HOHa O-, HOO OOpasyr0T 
BTOPy!O KOB@JICHTHYIO CBA3b H C APyrHM aTOMOM, ABJIAACb, Hallpwmep, MOc- 
THKOM Mey JBYMA aTOMaMH KpeMHHA. 

Jlnuna cpa3u Si—O sp SiO, u KpeMHHopraHMyecKHX COeCMMHEHHAX Jel- 
CTBHTeJIbHO OTIMYaeTCA CBONM OcTOsHcTBOM: 1,63+0,03 A (3,5,°). Sro pac- 
croaHne Ha 0,20 A xopoue BHIuHCJIeHHOrO 3 KOBaJIeHTHBIX payuycos [lonuxnra — 
Xarruuca (’) 1,83 A. O6bsacHuTh Takoe yKopoyeHHe 8HaYHTeIbHLIM MOHHBIM 
xapakTepom cBpa3H Si—O (~40%) (8) Hewb3a, TaK KaK BBeJeHHe COOTBETCTBYIO- 
uleH MOMpaBKu (°) Ha pa3HOCTb IJIEKTPOOTPULaTeMbHOCTeH ATOMOB KpeMHHA 
H KHCIOpoqa NpHBo_UT K 3HayeHHio 1,77 A, oMATb-TakH MpeBbINarolleMy 9KC- 
Ile€pHMeHTaJIbHy10 Bemuuuny Ha 0,14 A. B wacrosmee BpeMa TBepfo ycTaHOB- 
leno ('°"14), yTo yKopoyeHHe cBA3H Si —O o6ycoBMeHO ee YaCTHYHOH [BoOe- 
CBASHOCTHIO, NopayKa 30% (°), 6marofapa OOpa3s0BaHHI0 JOMOMHUTeIbHON O- 
HOPHO-aKIenTOpHOH p, — d,-CBA3H 3a CUeT NepeKpPbIBAHHA Mey BaKaHTHOM 
3d-opOuToH KpeMHNaA (aTOM-aKilenTOp) HM CBOOOLHOH 2p-op6uTOH KuUcOposa 
(aTOM-JOHOp, OG6MaaiollMit HenoseseHHO Mapo 2eKTpOHOB). 

Creneub p, — d,-CBA3bIBAaHHA MexkLy aToMamu Si u O onpefemsetca 9JIeKT- 
POHOAKIeENTOPHbIMH CBOHCTBaMH aTOMa KpeMHHA, 3aBHCAULMMH OT 3aMeCTHTe- 
JleH, C HUM CO@MHEHHBIX, a TaKXKE 9JIEKTPOHOMOHOPHBIMH CBOHCTBAMM KHCJIO- 
poga. Tak, HallpuMep, HaxoxkKeHve y aTOMa KpeMHUA MIpHTATMBAIOULUX IJIEKTPO- 
Hbl ATOMOB XJIOpa MOBbIMaeT NOpALOK cBa3u Si—O (}°), 3a cueT Yero CHJIbHO H0- 
HWKAIOTCA HYKJICOPHJIbHbIe CBOHCTBA KHCJIOpOMHOTO aTOMa. 


alte: 
ALG 
Haxoxlenue y aTOMa KPeMHUA 2/IeKTPOHOOTTaMKUBaIOMAx rpynn (-+-l-sdpex7), 


HalpOTHB, MpMBOAMT K MOHWKEHHIO JBOeCBASHOCTH CBA3H Si—O Onarofapsa 
YMCHbINeHMIO 2JIEKTPOHOAKIeENTOPHbIX CBOHCTB aTOMa KPpeMHHA H MOBBIINAeT ee 


MOHHEIM XapakTep: R — Si > O—. O6a adcbekta (yMeHbUIeHHe cCTeNeHH Px — 


d,-CBA3bIBAHHA HM BOSpaCTaHHe HOHHOCTH CBA3H) B TOM WIM MHOM CTeMeHH KOM- 
NeHCUpyioT Apyr Apyra, TaK Yo saMeTHOrTO W3MeHeHHA JWIMHEI cBA3H Si —O 
B J@HHOM CuIydae He MpovCXosHT. 
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a Hayo cKasatb, 4TO BJIMAHMe TaKHX 3aMeCTUTeNeli, KaK ATOMbI xJlopa WJM 
AJIKHJIBHBIC PadMKaJIbl, CIMUIKOM MaJIO [WIA HSMCHCHHA NopsAlKa cBA3H Si —O na- 
CTOJIbKO, UTOOHI STO BbISBaJIO Ce YKOpOUeHHe HIN yWIMHeEHHe Ha BeMMUMHY, pe- 

BHUMAOULyI0 OWMOKY OObIMHEIX usMepeHuii (0,02—0,05 A). Tax, HallpHMep, 
MexKAaTOMHOe paccTosHHe Si—O B ClsSiOSiCls u (CHs)sSiOSi(CHs)3 oKa3biBaer- 
Ca MpakTu4eckH OfMHaKoBbIM: 1,64 + 0,05 A (°). Umenno nostomy Bo MHOrHX 
KUCJIOPOAHBIX COCIMHEHHAX KP€MHUA MbI HMeeM JeIO CO «CpeHHM» 3HadeHHeM 
wun cai3H Si—O 1,63 + 0,03 A. 

TeM He MeHee CYLIeCTBYI0T 3aMeCTHTEIH, OGaarollNe MOLLHBIMU 9J1IEKTpO- 

_HOOTTAIKUBAaIOULHMH CBOHCTBaMH. MMu ABAAIOTCA OTPHIATebHO 3apsKEHHBIC 

| AHHOHHbI€ 3aMeCTHTeIM (HallpHMep, «aKTHBHBIIiy MOHO-aTOM KucmOpogza O°), 


SJIEKTPOHHOe CMELLCHHE OT KOTOPbIX OOycuOBeHO Kak +/-, Tak uv +M-acbdbex- 
| TOM 


GGT... ~-* 


HN 


BOO 


_ Hanwune y aToMa KpeMHUA MOMOOHHIX 3aMecTHTeNef OKHO MpenATCTBOBATb 
) oOpa30BaHHio Pp, — d,-CBA3H C MOCTHKOBbIM («HeaKTHBHBIMy) ATOMOM KHCJIO- 
_ poxa. Ilostomy caeqyeT oxkUaTb, YTO paccTOAHHe M@XxKILy aTOMaMH KpeMHHA 4 
» MocTHKoBoro Kuctopona (O") B auHeliHEIx (A) u uNKsMuecknx (B) MeTtacumuKa- 
_ TaX, a TakxKe B NMpocuMKaTax (C) 4 cHmuKaTax TpocTpaHcTBeHHOrO CTpOeHH A 
| (D) qomxKno 6piTh Gompie «cpeqHeroy 3HateHHA *. 


5 


Ye) 0? 

: We if 
oo oe me == oye) -) 
51-0 = 3 yo" o—si—o*—si-0"” 
. He 2) — (2) 

Ds oO Og No i) 6) 10) 

/\ 
n O>O olan Cc 
A B 


Ta6a. 1 uamoctpupyet, 4TO 3TO JelicTBuTeIbHO Tak. J[aHHble TaGsMUbI, 
_ 3AMMCTBOBaHHbIe H3 HaHOowee HaeKHbIX JIMTeEPAaTYPHbIX HCTOYHHKOB, HarJAHO 


1 


Ta6Onmuma 1 


Mexatomubie pacctosHua Si—O B cHuanKaTax 


f MexkaToMHoe paccTosHue B A 
3 Crpyxtypa 
i CuJuKaT aHHOHA «IHHHOe» «KOPOTKOe» 
Si — O* Si= OC) 
» Na2SiOg A 1,68 4l Di 
MgSiOs, 9HcTaTHT A 4 ,63 iPos 
| Ca MgSiO3, quoncuy A 4,76 M54 
NaoZr (SigO9)-2H2O, kaTanueut Be i=l Ais 1,50 
BaTi (SigO9), GeHurouT Bai Pe , 60 1,59 
Znq (OH): (SigO7)-H,O, remumopdut C 1,72 (1,81) | 1,60 (1,58) 
_ CaFeAl,(SisO7) (SiO,) O (OH), anugor C 1,67 1,o4 
CazZn(Si,O7), rapgucronut C iO 1,54 
; CaypMgeAlgSigOza (OH), Be3yBHaH C 1,86 1,28 a) 
NaeAleSisO19-2H2O, Hatpomut D 1 80 dot 
~ Cag (SigO5)4:- KF -8H2O, anocuanut D 1,70 1,04 
KAISisOg, caHHquH D 1,79 1,59 
CpeqHee. . . 173 | il stay 


MOKa3bIBaloT, YTO PaACCTOAHHE Mex] y MOCTHKOBbIM aTOMOM KHCJIOpOa H COeH- 
HeHHbIMM C HUM aTOMaMH KpeMHHdA, CBA3aAHHBIMH, KpOMe TOrO, C aHHOHAMH Oe 


* B mpHBoguMblx CTpyKTYpHBbIX (OpMysax CHJHKaTHEIX AHHOHOB 3HaKH MHHYC B3ATBI 
‘ CKOOKH, TaK KaK OHH He COOTBETCTBYIOT JeHCTBHTeIbHOMY PaCMpeeVeHHI0 SJICEKTPOHHOH IVIOT- 
OCTH. 
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Sombie «cpeqHero» u coctapaset 1,73 + 0,1 A. Oto paccrosnue 6.1u3KO K 
JWiMHe YHCTO OLMHapHO cBa3H Si —O, BbIYMCJIEHHOW U3 KOBaJICHTHEIX pallMyCoB 
¢ HOMpaBKOii Ha pasHOcTb 3eKTpooTpunatTesbHOcTeH Si u O 1,77 A. B orjemb- 
HBIX CJyuaiX B CHIMKaTaxX BCTpevaloTCa Warxke MpaKTHYeCKH «UYHCTHIC> O-CBASH 
Si— O aznuuolt 1,75—1,78 A, nanwune B KOTOpHIX p,— d,-CBA3bIBaHHA BPAL 
JIM WMeeT MeCTO. 

C ypyroit cTopoubt, TaOM4HbIe WaHHble TOBOPAT O TOM, YTO B CHJMMKAaTAaX 
MMEIOTCA H KKOPOTKHe» cBxA3H Si—O, coe2MHAIOUIHe ATOM KpeMHUA C OTPHIa- 
TEIbHO 3APSXKCHHbIM AHMOHHBIM ATOMOM KHCJOpoa, OOaaioulMM U3O6bITOUHOK 
HenoleseHHOM Napoli aeKTpoHoB. IlocmeqHAA B 3HAUNTeMbHOH Mepe crloco6- 
CTByeT OOpa3OBaHI0 pz — d,-CBASH M@xLy KUCOpOAOM M KpeMHKeM, Tak Kak 
OTPHUaTeIbHO 3apAXKeHHbIe PpyIilibl, KaK MpaBUJIO, HMeIOT TeHJeCHIMIO yBeJN- 
YHBATb CBOIO KOBaJleHTHOCTh (+M-sdcbext). Ilostomy B cHuIMKaTaX HMerloTCA 
cBa3H Si —O, ABJIAIOlLHeCa NpakTHYecKH JBOHHbIMH, O YeM TOBOPHT coBnayeHHe 
ux Jumut (1,54 -- 0,05 A) c BHruncmeHHOl H3 KOBaJIeCHTHBIX paqHycoB 1A JBOH- 
Holi caa3u Si = O (1,53 A) c mpuMeHenHeM «HOHHOH» on paBkKu —0,09 (x, —xsi) 


(°). Mopaqok Tako cBa3H Si—O™, paccuvTaHHbli Mo ypaBHenuio [lomuura 
(°), cocrapsiaeT IpHMepHo 1,9. Kak Hu CTpaHHO, Ha 9TO OOCTOATEILCTBO WO CHX 
MOp HHKTO He OOpaTHJI BHUMAaHBA, HW MOUTH BO BCeX JIMTepaTy pHbIX HCTOUHMKAX 
(Kpome paOorst H. B. Bénosa (*°)) ykaspipaeTCAd Ha MOCTOAHCTBO JIHHbI CBA3H 
Si—O B cuaukatax (1,60 A) u ee nopsyok, He MpeBbumatomul 1,2—1,3 (%,"). 

MutepecHo OTMeTHTb, YTO MOMLHbIM 2JIEKTPOHOOTTAJIKUBAIOIIM Si=deKT aHk- 
OHHBbIX 3aMeCTHTeeH, HAXOJAMHXCA yY ATOMa KPCMHHA, MOET MPHBECTH He TOJIb- 
KO K yJWIMHeHHIO CBA3H Siy —O*, HO H K yKOpoueHHioO CoceqHeH MOCTHKOBOM 
cpa3H O*—Siyy. STO BbIsBaHO TeM, UTO CHJbHaA MOHM3aNHA cBABH Siy —O", 
BHISHIBAIOWaA MOABJeHHe OObWOrO ScdeKTUBHOFO OTPHUAaTebHOrO 3apAya Ha 
aTOMe KHCJlOpoya, MPpHBOAAT K yCHJIeHHiO Px — dn-CBA3H Mey aTOMamMH O* 
MW Sipz, B OCOOCHHOCTH, CCJIH SJIEKTPOHOMOHOPHBIM SpeKT CBASAHHBIX C Mocsey- 
HHM 3aMeCTHTe@JI€H MeHbLUe, YEM COC] HHEHHBIX C aTOMOM Six. 


Tloqo6Had HepaBHOMeHHOCTbh MOCTHKOBBIX cBa3eH Si — O* HaGOsmoqaeTca, 
Hampumep, B Gepuutuie (1,68 u 1,54 A), Bonmacronute (1,76 u 1,48 A), 6exntoute 
(1,65 u 1,46 A) u natpomnte (1,80 u 1,50 A). 

Hasmune y Haxojalllerocd B KPCMHEKHCJIOPOAHOM TeTpasipe WeHTpaJibHOTO. 
aTOMa KpeMHHs (c rHOpuszNsanvel sp*) HeCKOMbKUX p, — d,-cBa3eH Si — O, 
OIM3KUX 10 NOpAAKy K JBOMHbIM, MaJIOBepOATHO. OTO MOXKHO OOBACHHTb TEM 
(“), uro ecu 3d-opO6uTbI KpeMHHA OPHeHTUpOBaHb! TaK, 4YTO OGecHeynMBaeTcsA 
MAKCHMaJIbHOe B3AHMOJeCHCTBUe C M-OpOHTOH OHOTO U3 KMCMOPOMHEIX ATOMOB, 
TO OHH OKa3bIBaloTCA paciOsOxKeHHBIMH HeOMAPOMpHATHO OTHOCHTEJIbHO APyrux 
aTOMOB KHcAOposa. 

Ilostomy p, — d,-CBA3bIBaHHe IeHTPalbHOrO aTOMa KPeMHUA C HeCKOJIb- 
KMMH aTOMaMH KMCOpoxa BO3MOxKHO MpH opHentayuu ero 3d-opOuT 60 He 
fIpHBOAIeH K MaKCHMaJIbHOMY B3aHMOJeHCTBHIO HH C OJHHM M3 AaTOMOB KHC- 
Jopowa, WHOO BeLyueH K HaHOoOJbUIeMy TepeKpbIBaHHio C M-opOuTO OHOrO 
(HIM OTUACTH JBYX) KHCJIOPOLHbIX aTOMOB. TOT HAM HHO XapakTep pacmpese- 
JI@€HHA P — d,-CBA3el OMpeseAeTCA KaK YHCIIOM AHHOHHBIX aTOMOB KUCJOpo- 
Aa, TaK HW IIpHpOROH KaTHOHOB, C HUMH CBA3AHHBIX. Mexxyyy aHHOHHBIMHA aTOMaMH 
KMCJIOPOa MOET JaxKe BOSHHKHYTb KOHKYpeHIMA (reM-cOMpsAxKeHHe), MpHBO- 
AAULaA K YCHJIEHHIO OFHOH pz — d,-CBA3H M OcMaOMeHMIO [pyronu. 

_IlpumeyatesbHo, YTO B OpTOCHIMKaTaXx, COJeprKalllHX H30JMPOBaHHble HOI 
(SiO.)*", 51eKTpOHOROHOpHEI scbsbeKT AHHOHHLIX ATOMOB KUCAOpola U HeEpaBHO- 
MepHoe paciipeyemenve p, — d,-CBA3eH MOryT IpMBeCTH K HapyUIeHHIO CHMMET- 
PHM CHJIMKaTHOrO aHHOHAa 3a CUeT YJIHHeEHHA OAHOM YacTH cBA3eli Si — O u yKo- 
poweHHa Apyrou. Tak, HallpHMep, B OJIMBHHe MexKaTOMHble paccTOAHHA Mex 
KPeMHHeM HM KHCJIOpoyzoM cocTaBasaioT 1,789; 1,895; 1,603 u 1,603 A (*%). 
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LO ee a ee 


Pe3ioMMpy CKa3aHHoe BBILe, Mbl IPHXOAUM K BbIBOLY, ¥TO cBa3sH Si — O 
MOMKHO pasOuTb Ha Tp TuIIa. «J. HHHbIe> O-CBA3H CO 3HAYHTEIbHOM CTeMeHbIO 
wonHoctw (1,73 + 0,1 A) coequnmior mocTuKoBsii aToM Kucmopowa ¢ JByMA 
(aHOra C OJHHM) aTOMaMH KpeMHUA, CBASAHHBIMM, KpOMe TOrO, C AHHOHHBIMH 
3aMecTuTetamu (—O- u T. q.). Crenenb p,—d,-CBA3bIBAHHA B 39TOM Cay4ae 
CBOAMTCA K MHHHMyMy. AHHOHHbIe OTPUUaTeIbHO 3aps2KeHHbIe ATOMbI KHCJIO- 
powa MOryT COeqHHATbCA C ATOMOM KPe€MHHA «KOPOTKHMM» cBa3aMu (1,032 
+ 0,05 A), mpu6mmxKaiouluMucs, Onaro_apA ONOHUTeEAbHOMy OOpa30BaHHt0 


Px — d,-CBA3H, MO cBoeMy nopsaky(~ 1,9) k Boni. OctambHble Mex- 
ATOMHble paccTosHus Si —O sBasaiotca «cpequumuy (1,63 + 0,05 A) u oTBe- 
yaloT Nopagky cBa3H 1,2—1,3 u ee noHHoMy xapaKTepy ~ 40%. 


MucrutyT xXHMHH CHIMKaTOB Tocrynuso 
Axajemuu Hayk CCCP 25 VI 1960 


UMTHPOBAHHAA JIATEPATYPA 
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108a M4 yp., JAH, 81, 399 (1951). 2° T. Txadbme, Yen. xum., 26, 1060 (1957). 


109 


Moxiaane Akaqzemuun Hayk CCCP 
1961. Tom 138, Ne 1 


KPHCTAJIJIOF PAPHA 


WM. HW. AM3HH, W. 3. HOSHK wu akayemuk H. B. BEJIOB 


HEHTPOHOrPA®HUYUECKOE HMCCJIEROBAHHE KYBH4UECKON 
MOAM®UKAUMH, PbF, 


KyOuueckyio (BbICOKOTeMMepaTypHyl0) Mogupukayuio PbFe ornocaT kK 
cTpykTypHomy Tumy CaFe (1). Oguako penTrenorpaduyeckoe uccaeqoBaHue 
3aTPpyHeHO B JaHHOM CJly¥ae OOJIbUIMM pa3JIM4HeM ATOMHBIX aMIMUTYA @Topa 
MW cBHHia (Zp = 9, Zpp = 82), H STOT BHIBOA OCHOBLIBaeTCA MpPeHMYWLeCTBeHHO 
Ha KPHCTaJIMOXHMUYeCKHX aHasiorHax. B HeliTpoHorpasuu cuTyayua Oosee 
6laronpHATHAa, TAK KaK AMIWIMTYbI AePpHOrO KOrepeHTHOFO paccCeAHHA PaBHEl 
be = + 0,55-10F2 cm tu) Op, = 2009650 cum): 

Mpl mpopein HeliTpoHorpaduyecKkoe HcceqoBaHHve KyOuyecKoro PbF,, mo- 
HOKPHCTaJJIbI KOTOPOrO ObWIN BbIPaMleHbl B Ja6opaTOpHN OMTHYeCKHX MOHOKpH- 
cTamoB Muctutyta Kpuctaimorpapuu AH CCCP. 

Vcnob3syAx HeHTpOHHEIM AudpakToMeTp JIA MCCIe_OBaHHA MOHOKPHCTaJ- 
op (*) H IpHMeHAA MeTOAMKY, OMMCaHHyr0 B (4), MbI NOWy4HIH B OOWeH cnoxK- 
HocTu 32 oTpaxkeHua oT mmocKocteH 30H [100] u [110]. Perucrpanusna qudpaxk- 
ILMOHHOM KapTHHb! MPOM3BOLMIAaCb ABTOMATHYeECKH Ha AHarpaMMHOH JICHTe 3JIeKT- 
POHHOFO MOTeHILHOMeTpa IIPH HelpepbIBHOM MeJVJICEHHOM BpallleHhH oOpasila u 
JleTeKTOpa HElTpOHOB (c COXpaHeHHeM OpSTTOBCKOrO YCJIOBHA) B YrJIOBLIX HHTep- 
BalaX, OXBaTHIBaIOILHX BbIYHCJICEHHbIe MOJIOKeCHUA AHPpakIUMOHHbIX MaKCHMy- 


MOB. 
dvalomn minal. 


Hsmepenuble 1 BEIuMCaeHHbIe (6e3 yyeTa TeMMepaTypHoro (baxTopa) 
HHTCHCHBHOCTH OTPaxKeHH 


hkl T5ken L® Lo: | AkL Taxon L® Lo: 
el 73 40 42) 622 0 0 0 
200 a} 0 0 444 40 00 61 

220 100 100 22, ila 14 12 2 
311 36 Al 6 Dol 12 12 2 
222 0 0) 0 640 0 0) 0) 
400 65 70 86 003 ARS 12 2 
Boil 34 17 i) 800 30 47 Oi, 

420 0) 0) 0 733 AP WD 2 
422, 503 60 ie 820 0 0 0) 
O11 20 14 4 644 0 0) 0) 
333 ZA 14 4 822 oe 47 By 

440 46 04 66 660 ais 47 On 
600 0) 0 0 Nas) 8 14 2 
442 0 0) 0) 662 0 0) 0) 
620 48 50 61 840 28 47 Onl 
033 We 2 7 9414 9 Ne 2; 


Jlisi onpeyeneHua WHTeHCHBHOCTeH LHdpakUHH MpousBoyusoch usMepeHHe 
MJOULANeH, JIeKaWHX NOW 3alHCaHHOH KPHBOH CKOPOCTH CueTa, C BbINeCTOM YPOB- 
HA ona. M3Mepennble TaKHM OOPa30M HHTCHCHBHOCTH MPHBOAMMCb K HHTEH- 
CHBHOCTH MepBHYHOTO MHy¥Ka HeEHTPOHOB, KOHTPOJHPOBaBIelicA MOH®TOPHBIM 
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CueTYHKOM. OTHOCHTEJIbHYIO MOPpellHOCTh U3MepeHHA HHTeHCHBHOCTeli MBI Olle 
HuBaemM B +5% (4). 


B Ta6u. 1 npuBeyeHb! u3MepeHHbie HHTeHCHBHOCTH Hu 3HaueHun LO nu Lb? 
(MpuBeqeHHbie K aOcoOJOTHOH Wkae (°)), BbIaHCeHHBIe B MpeltouoxKeHHH 
eTpyktypbl CaF, c Koopaunatamu Oa3ucHBIx atomos Pb(0, 0, 0), Fy(4/4,2/4,"/4); 


PoC jas fe, /4)- Sdech L = —— —baxtop Jlopenma, a crpykKTypHas amnaury- 
Wa Opp, WA WAHHOK MpoctpancTBenHow rpynnsi Fm 3 m umeer Buy 
[pp t+ 2fp.. up A+k+1=4n, 
Dans = § Fev npuh+k+l=2n+1, 
fp>—2fe upuhtk+l=4n+2. 


M3 paccMoTpeHuA 3THX Pe3YJIbTATOB MOXKHO ClleaTb BLIBOL, YTO KyOuyecKHH 


PbF, felicrBuTembHO uMeeT CTpyKTypy THMa. dropuctoro KambuuA. BausKoe 


COBMayeHve SKCIe€PUMeHTAa JIBHbIX 3HaveHHH WHTeCHCHBHOCTH c BelMuHHamMH L©® 
CBUJCTEJIbCTBYET O TIPCHMyUlecTBeHHO JIMHAMMYeCCKOM XapakTepe pacceAHHHs, 


. Kak HW CnegqoBano OmKUTaTh WA OOpasna PbF,, ucnomb30BaHHOrO B UCCueLOBa- 


-HuM (miapHK, d = 8 mm). JlelictBuTembHO, KoaddulveHT pacxo_uMmocTH, pac- 


4 CUHTAHHbIH B TIPCAMOJOMRECHUN TWHHAMHYECKOLTO XapaKTepa PaCCeHHHA, OKA3bIBaeT- 


Ca paBHEIM 20,3% (6e3 yueTa TemmepaTypHol nompaBKu!). Ecru xe JomycTuTb 
KMHeMaTHYeCKHH XapakTep pacceAHHA, TO COOTBETCTBYIOINMN KoOaPpPUHeHT 
Goslee uem B 2 pa3a MpeBLICHT yKa3aHHYI0 BbIIMe BeIMUMHY. 

OOuleusBecTHO, YTO aHaIM3 PeHTTeEHOBCKMM MeTOJOM KPHCTaJIMYeCKUX 
CTPpyKTyp, B COCTaB KOTOPbIX BXOJAT SJIEMCHTHI C ATOMHEIMH HOMepaMKH, OTJIH4Ualo- 
IIMMHCA WpHMepHo B 10 pa3, BecbMa 3aTpyqHeH. Hcnomb3soBaHve MeTO,a Hel- 
TPOHHOM AHppakWHu ycTpansAeT TpyHOCTH, CBASAHHble C MOXOH OOHapyxKUBae- 
MOCTbIO JlerKOrO aTOMA B MIPHCyTCTBUH TaxKeNOrO. Bksaq aTOMOB F B HHTeHCHB- 
_HOCTH pecbileKcOB C CYMMOHM HHJeKCOB, KpaTHOH 4n, JaxKe MpeBOCXOHT BKJay 
aTOMOB ropa3yo Sovlee TsxKesI0rO Pb. 


WucrutyT xkpxctalmorpapun Tloctynusio 
Axkajemuu Hayk CCCP 2OPIetoor 


LMTHPOBAHHAS] JIUTEPATYPA?! 


1 Strukturber., 1, 1931. S. 148—150. ? Ix. Ba kou, J[nppakuna Helitponos, HJI, 
' 1957, crp. 34 8H. U. Am3uun, Kpucrannorpapua, 4, 3, 423 (1959). *H. HW. An- 
»3uun, 10.3. Hosuk, Kpucranmorpapus, 6, 3 (1961). &® M.A. Topaw-Komnuuy, 
‘Tipaxruueckuli Kypc pentrenoctpyktypHoro anamusa, Msg. MI, 4. 2, 1960, crp. 166. 
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Jloxknaygn AkaweMun Hayk cccP 
1961. Tom 138, Ne 4 


XHMHA 


B. ©. BAJIAKHPEB u 4aen-Koppecnonnent AH CCCP f. HU. WYDAPOB 
PABHOBECHbBIE YCJIOBHA B CHCTEMAX Co—O u Co—O—H 


JloctopepHo ycTaHOBJIeHO CyeCTBOBaHHe JIBYX OKMCIOB KOOalbTa: CoO 
u Co3Oa, #3 KOTOPbIX MepBbIii MMeeT KpHCTaMMYeCKy!o pewleTKy Tuna NaCl, 
BTOpoi — Tuma wmnHHeH ('). HpoBeyqeHHble HaMHM PeHTTeHOCTpyKTypHble ‘Hc- 
ClelOBaHHA OOpasioB Co,Os 3aBoqa «KpacHblii XHMHK» TOKa3aJIM, 4TO 3TOT 
lpeliapaT WMeeT KpHCTaMYeCKy!O pellieTKy THMa WIMMHeH C MapaMeTpom, 
OM3KUM K TlapameTpam CosQOa. 

OjHako OMpeeHTb BEMMUMHY NapaMeTpa JocTaTOuHO TOUHO OKa3aJI0Cb 
BeCbMa 3aTPYIHUTeIbHBIM H3-3a Pa3MbITHA JIMHHH Ha peHTreHorpamme. Cale- 
IkyeT OTMeTHTb CooOMleHHA O TOM, 4¥TO OesBOAHEIN Co.Os He MoyaeTcaA HHAU- 
Buyanusanun (7), a CoO u CosO4 cnocoOnbl OOpas0BbIBaTb TBEpAble PaCTBOPHI 
¢ Kucopozom (°). 

B pa6otTax no ompeleseHuio yipyrocTeH MHCCOUMalHH OKHCIOB KOOasIbTa 
HM paBHOBecia B cucteme Co — O — H (*"1') npuBoaqatca WaHHble, 3HadHTeIbHO 
pasMuarollMecaA MexKy CoOOoH, YTO HM MpuBesIO K HeOOXOAMMOCTH MOCTaHOBKH 
HOBBIX HCCJI€OBaHHH. ITH BOMpOCk! NpeACTAaBAIOT SHAUMTeIbHBIM WMHTepec 
JIA MpOusBOACTBa KOOaJIbTa HM ero COeAHHEHHH, B OCOOeHHOCTH JIA TeXHOJIO- 
HH MpsMoro MOJyYeHHA BbICOKOKaYeCTBEHHOFO MeTaJJIMYeCKOrO KOOaIbTAa U3 
€rO OKHCJIOB BOCCTaHOBJICHHeEM TOCeHHX BOOPOOM. 

Sakucb—oOKUHCb KOOATSTA. Gakuch — OKHCh KOOaNbTa Opla 
TIPHroTOBeHa MpOKaJIMBaHHeM «OKHCH KOOabTa» MapKH 4. J. a. MIpH 
800° C B Teuenne 70 uac. B aTmMocdepe. Bo3ayxa. PentreHocTpyKTypHble Hccwe- 
OBaHHA MOJyYeHHOTO Mpelapata WOKasaJH, YTO OH OAHOAaseH, UMeeT CTPYK- 
TYPY UWMNMHeIM C NapaMeTPpoOM peUieTKH, COBMAaarollumM Cc AHTepaTypHbIMH aH- 
HbIMM ('). CozepxxaHve KHCIOpoya B HEM OKa3al0Cb OM3KUM K CTeXHOMeTpHue- 
ckoMy B Co;,O4. PaBHopecuble aBJieHiA KHCHOpOZa ONpeAeIAMHCh B BAKYYMHOM 
ycTanosBke ('*). Samep TemmepaTypbl MpousBo_MICA HeMOcpefCTBeHHO Haj Mc- 
CelyeMbIM OOPasiloM, HM KoueOaHHsA ee COCTaBIAIM He Oomee +1°. U3mepenue 


aBleHul B mpesenax 10°°—10 MM prt. ct. ocytlecTBAAIOCcb Ha6OpoM MaHO- 
MetposB Mak-Jleoga. 


TL aout mae 


PapnHopecuoe AABJIEHHE KHCJIOpOIa B CHCTeMe 


Co304 eae 3CoO + 1}, Oz 
18a AX 923 973 1073 1123 1173 


Po. wm 5,32:10-9) 0,42") 7,3" 825,08) oage 


Papyopecue Cos04=3CoO + 1/2 O. u3y4alocb Kak CO CTOPOHEI AMCCOMMallAy 
CosO., Tak HM Co cTopoHbl oKuceHUA CoO. TouryuenHple Ip 3TOM cpeHHe Be- 


JIM4HHbI PaBHOBeCHbIX JlaBJIeHHH KUCIOpofa MpvBeseHb! B Ta6z. 1. OHM onn- 
CbIBaIOTCA YpaBHeHHeM: 


gD 


= 
rye Po,—B aTMocepax, a H3MeHeHHe U300apHO-H30TepMHYecKoro NoTeHWMana 


NZp =(37794 — 30,652 T Kan. 
BesleqcTsve BEICOKOM yipyrocTu juccounanun CosO4 HemocpescTBeHHOe HC- 


 cmeqoBanHie paBHOBeCHsA 


Ee ee 


Co304 + He = 3CoO a H.0 


3aTpYAHUTCIbHO BBUy MaJloro paBHoBecHoro JaBeHUA BoRopoma. Ho us yes1o- 
BUi PaBHOBeCHA B STOH CHCTeMe JByX B3aMMOCBA3AHHBIX Mporeccos: 
CoO, 2. 3CoO + 3/3 Oo 
H JMCCOMMAaLHu WapoB BOI 
HO = He + 1/2 On, 
quia KoTopoi (7%) 
Loto = = L3..05, 


Hal eHbI BbIPaKeHuA TeMilepaTy pHoHr 3aBMCHMOCTH KOHCTAHTbl paBHOBeCHaA 


P 4899 
4 Ig K’ = Ig 2° = 4" 43.65 


ne 


WM H3MeHeHuA u300ap HO-H30TepMHYeCKOro MoTeHiHaJla 


AZy = — 22413 — 16,699 T xan. 


e 0 
OKsoTepMuyecKHH XapakTep peakuHH AH o., = —19412 Kan o6ycmoBAuBaeT 
YMeHbINeHHe KOHCTaHTbI paBHOBeCHA C pOCTOM TeMMepaTypHl. 

Sakucb KOOaaAbTA. B uccneqosannax paBHoBecua (°°) 


CoO +- H, =. Co + H,0 


’ ACTIOMb3SOBAJINCb METOAHKH C CYIULECTBCHHbIMH HeEOCTaTKaMH. Tak, B YWaCTHOCTH, 


B pa6ote (*) He yuTeHa Tepmuyeckad Judpysuad u He MpOBO_NICA aHanus paBHO- 
' BeCHOH Ta30BOH CMeCH. 


Jia uccweqOBaHWA MIpHMeHANAaCbh 3aKHCb KOOaIbTa MapKH y. JQ. a. Pentre- 
HOCTPYKTYPHBIM aHaJIM30M ObIIO YCTaHOBJIeHO, YTO OHA OAHO*a3sHa MH NapamerTp 


| pelleTKH COOTBETCTBYeT JHTepaTypHbIM AaHHbIM (*). Msyyenne npoBosusocb B 
_ TOW Ke BaKYYMHOM allnapatype. Ja UCKIOUeEHHA BIMAHUA TepMuYeCKOH Lup- 
- dy3H OCYIeCTBIAIaCh HeMpepbIBHa WHPKYJIANMA rasoBow CMecu Audpdby3Hou- 


HbIM Hacocom. PaBHoBecve JOCTHraOCb Mp NOCTOAHHOM JlaBJIeHHH BOJAHBIX 
TlapoB, paBHoM 4,079 MM, KOTOpoe MOfepxKHBaOCch NorpyXeHveM JIOBYIIKH 
¢ Bool B cocyy J[bioapa c TaloulMM JIbgoM. C HacTyIweHveM paBHOBecHa OOpa- 
3€ll HSBUIEKaJICA H3 Meu, 3aKasIMBaJICA HW NapoO-ra3s0Bas CMeCb pa3fesAacb BbI- 
 MOpaxKMBaHHeM apoB BOLI B JOBYLIKe,NOrpy2KeHHOH B XuIKUKM a30T. PaBHo- 
BeCHBIM 1a3 aHalW3MpoBasiCA Ha MOCTOPOHHHMe NpHMecu NyTeM B3avMOselicTBUA 


- BOROpOa C 3aKMCbtIO KoOOaIbTA, KOTOPanH JIA 3TOH Ie BHOBb BBOJWJIaCb B Ha- 


rpeTyo Meub, a oOpasyioujveca nappl H,O BbimopaxuBaiucbh. Pasnuna B Jla- 
BJICHHAX PABHANACh PaBHOBeCHOMY JaBJIeHHIO BOJoOpoka, KOTOPOe C MOMOIIbIO 
TompaBouHoro rpaduka MepecuuTplBaslocb Ha dakTHYeCKOe aBeHMe BOOposa 


| B COCTOAHHM paBHOBeCHA, Kora JIOBylIKa uMeJia Temiepatypy 0°. PapHopecue 


peaKIMH M3y4asIOCcb KaK CO CTOPOHbI BOCCTaHOBJIeHHA, TaK H CO CTOPOHBI OKHC- 
) leHus. fs 
V3 Momy4eHHbIx SKCHePpHMeHTAJIbHBIX JaHHbIX, MpeACTAaBJIeHHBIX B Tab. 2 
HW OMMCHIBAeMbIX COOTHOLIeCHHeEM 


973,4 
Igk" = 22 + 0,52, 
ciekyeT, YTO C PpOCTOM TeMMepaTypbl KOHCTaHTa PaBHOBeCHsA yMeHbUaeTCA. STO 


0 
OOBACHAeCTCA 9KSOTEPMMYeCKUM XapakTepoM Mporecca AHo, = —631 kan. (°). 
VismeHeHve H300apHO-H30TepMHYeCKOrO MOTeHIMala OMpesedneTcA ypaBHe- 
_ HHeM 


poi wate 7 ics SB1eP oe, 


8 JAH, 7. 138, Ne 4 413 
; 


KouctaHTbl paBHoBecua Mmpolmecca CoO +. He =. Co + H20 


Ta6aunma 2 


T, °K Pe oe ee Py Yenonus K" cpemu. 
MM pT. CT. 
cae ane ee ee | uo 
B73 }'oo90 | -2etasee pe canee elt cee gi Ma ee 
at Mee, eee) aes 
(org |. Suh | 25) Gs cae 
uirs | 9885 | Big || Go copome scence Sir 


Yupyrocth AUCcolMaluu 3aKHCH KOOaIbTa MOXKeT ObITh paccuvTaHa Ha OC- 
HOBaHHH 


OTKya 


Po. = (Ku,0 Gale aTM., 
Ig Po, = — 43" 47,14, 


a W3MeHeHHe 4300apHO-H30TepMHYeCKOTO NMoTeHiWaJia 


AZ® = 55 754 — 16,3337 Kaa. 
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4 
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BPOMVPOBAHHE AJIKHJITHEHUJIKETOHOB 
(IT pedcmasaeno axademuxom A. A. Banaxduneim 9 XII 1960) 


B 1959 r. Hamu Opl0 NoKasanHo (*), UTO NpH JelicTBuH Opoma Ha 2-aleToTHe- 
HOH B IIpHCyTCTBUH 2,5 MOJIA OeSBOAHOTO XJOPHCTOLO aJIIOMMHUA 6e3 pacTBOpH- 
‘Ted OPOM BCTyMaeT He B OOKOBY1O Lelib, KaK 3TO OOLINHO MMeeT MeCTO IPH 6po- 
MHpOBaHHH 9TOTO U ApyrHXx NOJOOHEIX apoMaTHYeCKHX KeTOHOB (?,°), a B NOsO- 
oKeHve 4 THodeHoBoro sqpa. Pob u36bITKa XJIOPUCTOrO AJIOMHHUA, BeEPOATHO, 
CBOJMTCA K OOKMPOBAHHIO AaLWJIbHOH TpyMNbl MocpelcTBoM O6pas0BaHuA KOM- 
Tiiekca Cc KeTOHOM. B STO cBxa3u MpescTaBANO HHTepec HcCeLOBaTbh OpomMupo- 
‘BaHHe B NOJOOHEIX YCJIOBHAX BbICIIHX KETOHOB THOPeHOBOTO pALa HOpMaJbHOrO 
M H30CTPOeHHA, NOCKOJIDKY B MOMOOHBIX ClyuYaAX BCIeACTBHe CTepHuecKUX HIM 
WHbIX PAKTOPOB KOMMJICKCbI MOrIM ObLI He OOPas0BaTLCA UMM OKa3aTbCA MaJIO- 
‘yCTOHUMBEIMH. 

Jin mosBiexua padotst IIupcoua u Ilona (4), koTopbim yamocb BBeCTH Ta- 

OU, B ApOMaTHYeCKOe AAPO alleTOPeHOHA M HEKOTOPHIX JPyrHxX apoMaTHYeCKHX 
‘KeTOHOB HM aJIbJeruJoB HeMOCpeACTBeHHLIM HX TaJOHUAMpOBaHNem, B AuTepaType 
OTCYTCTBOBAJIM YKa3aHHA Ha BOSMOKHOCTb 3aMelleHHA BOZOPORa Apa Ha ranoun 
'B MpOCTHIX apOMaTH4UeCKHX KeTOHAX, COJeprKalllMX TpyMMbl MeHbINeH AaKTHBH- 
ipyloulel cunt, vem NH, nnn OH. Tak Brty-Xoui ¢ corp. (°,°), npumMenaa B Ka- 
MeECTBe CpebI BOAHYIO YKCYCHYIO KHCJIOTY, OCYLIeECTBHJIM OpOMMpOBaHHe O- H N- 
OKCHalleTOeHOHA H HEKOTOPEIX HX TOMOJIOrOB B spo. Ecaw 3aMeHHTb- BoJ- 
Hy!0 yKCyCHYy1!0 KHCJIOTY Ce3BOHOH, 3aMellleHHe Ha OpOM B yKa3aHHbIX KeTOHAX 
MpoucxoguT B OOKOBOM Wenn. 
_ B HactTostlem uccmeyqoBaHHu MOKa3saHO, YTO TOMOJIOrH 2-aleTOTHeHOHAa —2- 
HpOnmHoTHeHOH, 2-H4-6yTHpOTHeHOH, 2-n306yTHpOTHeHOH HM 2-H30BaJlepoTHeHOH 
B IIPHCyTCTBHU 2,5 MOJIA XJIOPHCTOrO aIOMHHUA Oe3 paCTBOPHTeIA, NOLZOOHO 
2-alleTOTHeHOHY, GPOMUPYIOTCA TOMbKO B AMPO, OOpasyA 4-Opom-2-aluTHOeHbl 
(I). CoorBetcTByiomjne 5-6poMKeTOHbI H3 NpOAyKTOB peaKI[HH BBIJeIeHbI He 
OBIIH. 


Br 
{5 door Bice COR 5 DOOR 
(1) (11) (111) 
a) i CsHs a) R =)CH BrCH3 
6) R =4-C3H, 6) R=a-C3H7 6) R = CHBrCH,CH3 
B) R = us30-C3H7 B) R = u30-C3H, B) R =CBr (CHs)2 
rT) R = w30-CyHy r) R= ws0-CyHyg r) R = CHBrCH2CH(CHs)e2 


OcHoBaHHeM JIA BLIBOJa OO OTCYTCTBHH Opoma B OoKOBOH WenH | CryxKUT TOT 
MaKT, UTO OHH HE JaloT OCaLKa UJI MOMYTHCHHA CO CIMPTOBbIM paCTBOPOM a30T- 
(okucoro cepedpa. Hanuune Opoma B 4-M NOO%KeHHH Apa MOATBep»xKTeHO 
aia la okuceHvem ero B 4-6poM-2-TuodeHKapOOHOBy!0 KHCJOTY, a JIA OCTAaJIb- 
(IX OPOMKETOHOB (OKMCJHTb UX C YOBJETBOPHUTeJIbHBIM BbIXOJOM He yJaslocb) — 
(eCOBnageHHeM HX KOHCTAHT MU KOHCTAHT OOPa3OBaHHbIX MMH 2,4-TMHUTPOdenus- 
WpasoHOB C KOHCTaHTaMH CHHTe3HpOBaHHBIX allMIMpoBanuem 2-O6pomTuodena 
-Opom-2-anuntuodenos (II) u ux 2,4-NMHUTpodeHUITHApasoHoB. 
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Kak u3pecTHo, 2-alleToTHeHOH B IIpHCyTCTBHM KaTamusaTopoB (7) Opomu- 
pyetca B OoKoByto Uerb. Ilo aHanorHM MOxKHO ObIMO OXKULATb, YTO TOUHO TAK 2Ke 
OYAYT B MpHCyTCTBHM KaTaNMTHYeCKUX KOJIMYECTB XJOPHCTOTO aJIIOMMHUA B3av- 
MOJeliCTBOBATb C GPOMOM pyre KeTOHEI pala THOdeHa, OTIMYAIOMIMeCA OT Hero 
Oouee LUHHOM NpAMOM WIM pasBeTBIeHHOH Wembio. OHaKo TIpH paccMoTpeHun 
JIMTepaTyPHBIX JaHHBIX, OTHOCAIIMXCA K BBICHIMM apOMaTH¥eCKHM KeTOHaM, 
MOXKHO BHJE€Tb, ITO OKCHIMPOM3BOAHbIe NocieqHUX (4-oKcucTeapodeHoH, pespo- 
muodenou, 2- u 4-ateTum-l-Hadtompl) (°) OpomupyroTca TombKO B Apo Jaxe| 
B OTCYTCTBHe KaTau3aTopoB Tuma AICls, KOTOpbIM, KaK H3BeCTHO, ABJIAeTCA 
KaTaIu3aTopoM OpomMupoBaHua B apo (*). B cBaASHC3THMM MO02%KeHHAMH CTa- 
HOBHTCA OUCBHHEIM, UTO 3apaHee HeJIb3H ObLIO PeWIHTb BONPOC O HaNpaBeHHU 
Tipomecca OpOMMpOBaHHA BbICLIMX KETOHOB THOeHOBOrO pAfa, MOCKOJIbKY THO- | 
ceH 10 CBOeli AKTHBHOCTH B PeaKIMAX 9SJIEKTPOMUIbHOTO 3aMelleHHA, HalipH-| 
Mep alluiupopanua (°’), GM30K K He€KOTOPbIM AKTHBHPOBaHHLIM MpOH3BOHbIM 
6eH301a, Hampumep aHusony. Jlna MpoBepKH STOrO MO M3BeCTHOM MeTOAMKe 
nowyyenuad deHauns6pomuga (°) B MpHcyTCTBHM KaTaJIMTHYeCKMX KOMMUCCTB 
XJIOPUCTOO aJIOMHHHA B CyXOM acupe OblIH MpOOPpOMMPOBaHb! YeTHIpPe BBILIe-| 
yNOMSAHYTbIe KeTOHa THOdeHoOBOrO psa. PesybTAaTHI OpOMHMPOBaHHA NoKasaJH, 
YTO 9TH KeTOHBI, MOMOOHO 2-alleTOTHeHOHY, OpomMupyr1oTca B OOKOBY10 Ienb, O0-| 
pasya 2-a-G6pomatuitTHodensi (III), koropbie yepe3 THEHH Mal MINUpKAMAUNHOpo-| 
MHJbI OblIH OKHCJICHbI B 2-THO*eHKAapOOHOBy1O KHCJIOTY. 


IKCNePUHMEeCHTAMIBHAA Ud iC us 


BpomMupoBaHue K@€TOHOB B ARP o B Upwey Tem 
BUM HU3SOHTKA XNOPHCTOTO anwmMuHua. K 16,6 r (0,125 
mous) AlCl, mpH mepeMemmMBaHHH 3a 5 MHH. NpHOaBIAOCcb 10 Kalam 0,05) 
MOI KeTOHA. B nowy4eHHbIt *KUZKME KommmeKc mpu 30—40° B Teuenne 10 muH. 
BJIMBaOCb 10 Karam 2,8 ma (0,055 mona) 6poma; nocle 2-uacoBoro Mepemelln-| 
BaHHs Macca OOpaOaTbIBalacb, KaK ObIlIO OMHCaHO paHee (+). OcTaToK mocue 
OTTOHKH ac:upa ABaxKIbI MeperoHaica B BakyyMe. PesyibTaTbl OPpOMHpoBaHUsA} 
HW CBOHCTBa IOJIyY4eHHbIX 4-OpOMKeTOHOB IpescTaBeHbI B Taos. 1. 

Ta6auna 1 


BpomMupoBaHve KeTOHOB B Apo 


: Brauc- Haiti , 9 Dike 
“8 Pon i noah, Bh aliqeHo, % Ansntpobeue typ aor 
es of T-pa kun., °C/mm Nh j 
om 
ors c H © H T-pa qu., °C mee Ne 96 
| 

fo eae Soc nay Mn 38,47| 3,18 ee 14,26 

a 46,1 | 180—132°/9 Boon eee 38.94 3°40 222—223 ** | 14,04 14,2 
16 AG! A y ——_ ° z 44 , 64 4,14 13,34 
47,4 | 144—144,5°/411)1,5765) 41,21 13,89 44°70| 4.25 201—201,5 | 13,55 13,54 
ip *** | 61,2 | 427—129° j 41,11} 3,93 sald 13,46 

B ; 127—129°/8 1, 5751) 41,21 |3,89 40,95| 3,75 202,5—203 | 13,55 13,2 
Re lye Manet aie elke | 43,84| 4,48 ly 13, 28 
r 2 | 1144—114,5°/4 |1,5649] 43,72 14,46 4417] 4.43 217—218 | 13,11 | 43’ o¢ 


* T. ma. 44—41,5° (ua rexcaua). 


“* CemuKkap6a30H, T. ' ee ° ; A : 
= OR) %: N 15.16 nut. 188,5—189,5° (w3 cnupta). Hatigeno %: N 14,95, 14,81; C,HipBrNsOS; Bbl 


“** BeifeseHO Take HeMHOTO AUOpomuna, T. na. 60—61° (us rekcana). Hafigeno %: C 30,90; 31,09 
Hi 2,62; 2,69; C,H,Br,OS; ppraucaeno %: C 30,79; H 2,58. : ‘ 4 


Okucneuue 4-6pom-2-nponuoTtuenona (!°). K pacrtBo} 
Py THOXJOputa HaTpuA (u3 4,4r NaOH B 6 ma Bognl, 25 r mbfa 3,2 r xn0pa) 
pH 68° npHOaBeno 2,2 r OpOMKeToHa, CMeCb OXJIaxKeHa JO 25° H K Heli Wo6a 
BJI€HO 2 MJ pacTBopa Oucyspdura Hatpus. M3 pactBopa scupoM u3BueyeHbI Hel 
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‘TpaJIbHble BeleCTBA, BAH COM MOAKUCIeH, BbINAaBLee Maco MposkcTpa- 
“THpoBaHo Supom. BuiraxKu Bbicyenbi CaCl,. B octaTKe nocme OTTOHKH 3tbu- 
pa — 1,83 r (BbIxog 87,8%) 4-Opom-2-THodeHKapOoHOBOH KUCMOTH, KOTOpaA 
‘tocme Tpex NepeKpucTaINM3salui U3 BOLI NiaBusacb up 120,5—121° (nute- 
parypHble Aanupre (™*), T. nu. 122—123,5°) u ne nana penpeccuu npH coBMectT- 
HOM IJlaBJICHHM C KUCIOTON, MouyYeHHOH OKUCMeHHeM 4-6pom-2-atleToTHeHoHa (). 

BpoMupoBaHHWe KeTOHOB B OOKOBYyW tenb (%). K pac- 
-Tsopy 0,05 moms xetona u 0,06 r AIC], B 10—15 mu a6c. supa no KaniaM Jo- 


T-a/Onriaean 2 


BpomuposBanue KeETOHOB B 6oKoBy10 uwelb H HX OKHCJIEHHE 
| BuruucneHo, % Hatizeno, % & 
|" be Bron, T-pa kun., °C/mmM ni? Ea at 
: Be “0 € H | Br Cc H bee 28 
| en | oom | nend | Ae 
:) ony aes) 6 37 SN ESs OL SGC) | ota Om 
"i Illa* | 94,5 140—142° /14 |1,6022) 38,37 |3, 22) 36,48 37°99 2:92 | 36,82 | 37,40 68,2 
, 
| } ro 2q/ 2 44,28) 3,92 | 33,79) 33,45 
| Ill6 | 76,8 124—1 24 ,5°/4\1 , 5878} 44 , 21 13,89} 34,28 4.25 3 76 34.121 33,02 73,0 
a 
; Ay te ay te ay, 01) 4, 20) eens. Conta Oe 
t IlIp | 42,6 130—131°/10 |1,5830) 41,21 |3,89) 34,28 41,28| 4,03 | 33,75 | 32,00 36,4 
& Saeed ap | 40542) 404 Oe panonea 
IlIr | 42,6 429—131°/4 |1,5797| 43,72 |4,46| 32,32 43.41| 4,51 |32,47| 33,05 LES A) 


* Jlakpumatop! 


re 


q OaBanoch 2,55 ma (0,05 mona) Opoma. B cayyae npomuoTHeHOHa oKkpacKa 
| Opoma ucyuesasia cpa3y Mo Mepe MpHOaBeHHA; WIA OGeCHBEYMBaHHA PaCTBOPOB 
"KeTOHOB OovIbIerO MOJIeKYIAPHOFO Beca TpeGoBasOCch Gowee WWINTeIbHOe Tepe- 
_MeUIMBaHWe, a B Clyuae H80BasepoTHeHOHa — serkKoe HarpeBaHue.Ilocue o6ec- 
IBeYHBaHHA pacTBop MepememuBaca 40—90 muH. HM IIpH HeOOJIbUIOM paspe- 


XKCHHM OTTOHANHch ascup u HBr; octaTok 7BaxAbl NeperoHAJICA B Bakyyme. 


TaoOamuna 3 
AwusupoBanne 2-6pomTuodena 


; 
b, 
La 


eS - a Bpuuceno, %| Haiizeno, % | 2,4-Tunurpobenuaruypasoun 
EE: E ee RP) vc H @ H | t-pa ma, °C wea N. 9% 
tte 62,8) 1447—150°/12*| — |41,21/3,89| — | — |185,5—186,5] 13,55 an 

1 IIs [64,6|128,5—129,5°/8l1,5762| 41,24 | 3,89 hee eh 165—168**| 13,55 oe 
) mr |69,5| 149-150°/43 41,5672) 43,72| 4,46 mee Pe {76—177 | 43,44 sat 
e 


= 


* T. na. 836—387 (u3 cnupTa): muTepaTypHBIe AaHHple (4), T. Kun. 155°/13 MM, T. na. 38—39° 16 
** CmokaeT mpu —128°. 


Tasovg B 6oKOBOH Nenu onpesemAICA pH NOMOMIM KuMAYeHHA OpOMKeTOHa CO 
“CNUPTOBOM WleNOUbIO C NoceLyIOULMM THTpoBaHHem 0 Moubrapyy. PesybraTbl 
- 6pomupoBaHNA H CBOUCTBa NO yYeHHIX G-OPOMKeTOHOB MpeCTaBJIeHb! B TAG. 2. 
 2-TuobmenkapGovnopan KUCMOTA HS OpOMKeTO- 
4 os III (?).0,5 r 6pomKetona u 3—5 Mu Cyxoro MMpHyuna HarpeBaucb Ha 
|] KMMAWen BOAHOM OaHe 30 muH. []npHauH MOJHOCTHIO OTTOHAJICA B BakyyMe. 
OcTaTKY MMPHAMHHeBOL COI, IpescTaBIABIeMy COOOH KOPHYHEByIO CcTeK- 

shakes 


JIOBHAHYIO Maccy (B cuy4ae THEHWINpONMOHWINMpHAMHMHOpoMUya — O4eHb 
THIpOCKONMYHbIe KpHcTasbI), TOOaBrsaca pactBop | r NaOH B 40 ma Bogut 
u 15 ma cnupta. IlonyyeHHblii pacrBop HarpeBasicCa Ha KMNAMeH BOLAHOM OaHe 
15 muH., NOMKUCIAICA HU SKCTparMpoBasca scdupom. M3 sKcTpakTa pacTBo- 
POM cCOfbl, a 3aTeM BOJOH U3BeKaNaCb KUCOTA, WeOUHOH SKCTPaKT 
HOKUCIAJICA MH BHOBb 3KcTparupoBasca ascpupom. Ilonyyenuaa Mocse yqaleHua 
pacTBoputena 2-THodeHKapOoHOBad KMCJIOTA B3BeIIMBaach, MepeKpHcTasIu- 
30BbIBaIaCb H3 BOJbl H MMesa TeMuepaTypy MuiaBeHua 128—129° (nutTepatyp- 
Hble Januple (1°): T. nm. 129—130)°. Burxogb KHCIOTHI MpeACTAaBJeHbI B TaN. 2. 

5-BpomM-2-TH€HHAKeCTOHH Nomyyanucb alumMpoBanuem 0,05 mo- 
Jia 2-6pomTuodena mpv momouyy 0,055 MouaA XOpaHrugpuya COOTBeTCTBYyIOMeH 
KHCJIOTEI B CyXoM GeH30ule B mpucyTcTBHH 0,05 moma SnCl, (7%). Pesypratnt 
ALMJIHMpOBaHHA M CBOHCTBa MOJIYYeHHbIX 5-OpOMKeTOHOB IIpesCTaBJIeHbI B TAO. 3. 


VMucrutyt opranHueckol xumuu um. H. JJ. 3emuucKoro Tlocrymuto 
Axkayemun HaykK CCCP 8 XII 1960. 
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3 C. MI. )KQAHOB u H. H. BYHTAPb 


7 MCCJIEXOBAHME YCJIOBHA OBPASOBAHHA HATPHEBBIX 
_ IWEOJMTOB MPH HA3KOTEMMEPATYPHOM FH APOTEPMAJIbHOM 
: CHHTE3E * 


i (ITpedcmaeneno axademuxom M. M. [y6ununeim 15 XII 1960) 


i B mocileqHee BPeMA HCKYCCTBEHHbIe IeOMUTHI MouyuaioT Bce Gomee HM Gowsee 
“UlMpokoe paciipoctTpaHeHve B KayeCTBe MOJICKYJIAPHBIX CHT, MCMONb3YeMBIX LIA 
“pasqeweHHA rasOBbIX HM wKUAKUX cmeceH. [[pompnueHHbIe OOPasitbl MONeKYJApP- 
“HBIX cuT Tuna A uv X mpegcTaBiatoT coOoil CHHTeTHUeCKHe HaTPHeBbIe IeCOJIHTHI 
‘MH UX KasbiMeBy10 opMy, B KOTOPOL 3HAadNTeIbHad YacTb HOHOB Nat, KommeH- 
“CMPYIOWMX M3ObITOUHIN OTPHWaTeIbHbI 3apxA aJIOMOKPeMHEKHCOpORHOTO 
| KapkKaca, 3aMelleHa Ha 9KBUBaJICEHTHOe KOJIMYeCTBO HOHOB Ca?*. B cBa3H Cc GouIb- 
10MM MWpakTHuecKHM 3HaYeHHeEM UCKYCCTBeEHHLIX I€OJIMTOB UCCIeqoBaHHe yc- 
MOBMH UX OOpas0BaHuA Mp THApoTepMaNbHOM CHHTe3se MpHoOperaeT ocoOniit 
MHTepec. 

_ jJfo nmocneqHero BpeMeHH yCIOBHA MOJyYeHHA CHHTeTH4YeCKHX I[COJIMTOB, 
“W3BeCTHEIX NO, Ha3BaHHeM MOvIeKyJIApHbIX cuT JImupe A uv X, ocTaBasHcb He- 
wsBecTHEIMH (‘~*). JlocraTouHo ompeyemeHHble CBeeCHHA Ha 3TOT CueT ONYOHKO- 
BaHbl B HefaBHO Bbilliemuleli pabote Bappepa u cotp. (°). B sto pa6ote coo6- 
Warorcd JaHHbie NO HH3KOTeMHepaTypHOMy THApoTepMaJIbHOMy CHHTe3y KpH- 
CTAaIMYeCKHX AJIOMOCHJIMKaTOB V3 IleJIOUHbIX aJNOMOCHJIMKareleH cocTaBa 
mNa,O -Al,O3snSiO2, B KOTOPHIX MOJIAPHOe COfepxKaHHe H3ObITOUHOM WeNOUn 
He mpesrmmato 300% (Na,O/Al,0O3s < 4). 

| Buactosmei paOoTe uccnreqoBalucb ycOoBHA oOpa3s0BaHuA KpHcTalinye- 
‘CKHX HATPHEBbIX AJIIOMOCHJIHKATOB V3 CHJIbHO IeJIOUHbIX aJIIOMOCHJIMKaresen, 
B KOTOpEIX oTHOIWeHHe Na,O/Al,Os usmMenasocb B Mpesemax oT 4 fo 6. Cogep- 
%KaHue SiO, B resAX H3MeHANOCb OT n = | on = 10. VccneqoBanua Kpuctan- 
M3aANMM aJOMOCHJIMKATOB M3 CTOJIb CHJIbHO INeIOUHbIX releH pelcTaBiAanH 
HWHTepec He TOJIbKO NOTOMY, UTO OHH JONOHANH panee NOJyYeHHble pesyJbTAaThl 
(°), OXBaTHIBad O6acTb Ooulee BLICOKHX KOHIeHTpauHi Na,O B HCXOJHBIX re- 
JAX, HO OCOO€HHO NOTOMY, YTO MOBbIINeHHAA WIeOUHOCTh ONTHMAJbHa JIA KpH- 
eTaIIH3allMH UCKYCCTBeEHHOrO HaTpHeBoro WeoJIMTa, H3BeCTHOrO MO HasBaHHeM 
uta JIunge 13 X, ycnoBua MomyseHuA KOTOpOrO U3 ONYOJMKOBAHHBIX JaHHBIX 
\OCTaBaJIMCb HeSACHBIMH. 

UlenouHbie asOMOCHIMKaresIM TOTOBHIHCb CMeWIMBaHHeM IJeJIOUHBIX pac- 
TBOPOB aJOMMHaTa HW CulMKaTa HaTpun. McxoqHbIMu peakTuBamu Opin NaOH, 
amopduaa SiO,, NaAlO, unu AI(OH)s pasHolt creneHu uMcTOTHI. CmemieHnne 
PacTBOpOB CHJIMKaTOB HU aIOMHHaTOB MpOH3BOAMJIOCb IIpH HHTeCHCHBHOM Tepe- 
MeLIMBaHHU, H 0 MOMeHTa OOpa30BaHHA Tesla, 4YTO alle BCero MpoHcxo,NI0 
enycta 30—40 ceK. mocse cMellieHuA, pacTBOp OblJI BIIOJHe TOMOreHH3HpOBaH. 

CuHTe3 mpousBo_NAM pu Temnepatypax 70—200°. Jlia Temmepatyp Bpule 
100° ucnomb30BaIucb aBTOKaBbl H3 Hep2KaBelolleli cTaH; IpH TemmepaTypax 
anne 100° cHHTe3 MpoBOsMICA BCTeKIAHHEIX KOOax. Bcero OblWwio nowyseHo 


: 
_ * B wavampxoli craquu paOornl npunumasa yuactue B. A. Kocrposa. 
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6onee 170 npoxyKTOB, OTMMUAIOWIMXCH MO YCMOBUAM CHHTe3a (TIO CocTaBy HCc- 
XOMHBIX reseli, TemiepaType HM MposomKUTeAbHOCTH KpucTalMMsaluH). Paso- 
BHI aHaIM3 CHHTe3MPOBaHHEIX MpOLYKTOB MpowsBosusicA Mo eOaerpamMam, 
NOJIVYeHHLIM Ha HOHW3alMOHHOH peHTTeHOBCKOM ycTaHoBKe. Bpit NpousBeyen 
TakxKe XMMMUeCKHM aHaJIM3 THMMYHbIX KPHCTamMuecKHxX NposyKkTow *. Jina 


Puc. 1. TemnepaTypHble H KOHUeHTpallHOHHbIe yCJOBUA 
KpHCTasIM3aluH HaTpHeBbIX WeoluToB: A — aHaJIbIlHM, 

B — ocuosuoit no3ean, B — ucCKyCcCTBeHHBI WeonuT (1e- - 
omut P (5)), f — ucxyccrBeHunlt neommt (cuto Jluuge 

1700+ JA 13 x), JL — uckycctBenuprii yeonut (cuTto JIuuge 4A) 
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VIeCHTHPUKALHH MOJYYCHHBIX AJIOMOCHJIMKaTOB UCHOJIb3OBaJINCb PCHTTCHOBCKHe 
JAHHbIe, ONyOJMKOBaHHble B padoTax (°~*). Tunwunble oOpasiibl HCKYCCTBCHHBIX 
ICOJIMTOB ObIIH MCCe€LOBaHbI, KpOMe TOTO, B OTHOIIeHHH UX afCcopOlMOHHOH 
cmocoOHOCcTH MO BOJe, METHIOBOMY, STHJIOBOMY HM OyTHJIOBOMy CHHpTaM, a3s0Ty 
WU HeKOTOPbIM yrueBoyopoyam. 


| | a ee A Roope FETTER A 


lleonum 
oO Slunde4A 
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S 
2 
S 
| 
= r 
g 
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|| ‘ B 
nt P 
fy a fie SAS : (6appep) 


4 3 <a 2 A if 


Puc. 2. CpaBHeHHe MexKIWIOCKOCTHBIX paCCTOAHHH AIA H3BeCTHBIX H 
IOJIYYCHHBIX HCKYCCTBCHHBIX ILCOJIHTOB 


Ha juarpamme, MocTpoeHHOH Ha OCHOBaHHM pe3yJIbTAaTOB MCCJeqOBAaHHA 
CBOHCTB CHHT€3HPOBaHHBIX aJIOMOCHJIMKaTOB, WOKa3aHbl OOacTH UX OOpa3so- 
BaHuA (puc. 1). [Ip stom Ha ocu a6clNCcc OTMORKeHO HE MPOCTO MOJIeKyMApPHoe 


: n 
coyepxanve SiO, B uCxXOqHOM Tesle (BemMUNHAa n), a OTHOLIeHHE Aone ==\h3 


T. €. OTHOIMeHHE 4MCIa MOJeH SiO, B CocTaBe rea K H3ObITOUHOMY 4NCITy Move 
Na,O, oTHeCeHHIX K OfHOMYy MoJo Al,Os. IIpu Takom cnoco6e nocTpoeHus 1Ha- 
rpaMMbl OOacTH OOpasoBaHHA pa3ssIMUHBIX (has pa3srpaHHUHBaloTCA B HaLHX 
YCJIOBHAX 3HAYHTebHO Jyule, YeM B TOM CJlyuae, Kora WMarpaMMbl CTPOATCH — 


* AHaJIH3bI ObIIM BbINOHeHLI B Ja6opatopun mpodeccopa IO. B. Mopauescxoro. 
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B Kkoopfuuatax f u n (°). Sto OOcTOATeMBCTBO, BOOSIE TOBOPA, NOHATHO, Tak Kak 
ycOBHA OOpasOBaHHA aJIOMOCHINKAaTOB Ip THApoOTepMasIbHOM CMHTese He 
ONPeeIAIOTCA JIMINb TeMMepaTypoH UH coyepxaHuem SiO, B rene WJM OTHOIIe- 
Hem SiO,/Al,03, HO B 3Ha4HTeBHOM CTeMeHM 3aBHCAT OT COJepKAHHA MleOUN. 

B uccneqoBanHon o6acTu Temmepatyp (70—200°) u3 cCHmbHO UeIOUHEIX CH- 
JMKaasiomoreseH (4<m< 6) Hamu ObIIM Toy4yeHH, MoO Kpalinei Mepe, 
IATb KPHCTAJJIMYECKHX AJIOMOCHJUKATOB, TMepBOHavabHO OGO3HaYeHHEIX A, 
5, B, lu J. Mocnequne tpu us nux, HeCOMHeHHO, OTHOCATCA K HATPHeBBIM Ieo- 
JTaM. Kak MOXKHO 3aKJIOUNTS MO COBMaeHHIO MEXKIVIOCKOCTHBIX paccTOAHUH, 
OMpeeseHHbIX W3 PeCHTTEHOBCKHX JlaHHBIX (pc. 2), a TakxKe MO pe3sysJbTATaM 
HccleqOBaHuA aycopouuH *, npozyKTs! [ u J] useHTHYHEI HCKYCCTBEHHBIM Ha- 
TPHeBbIM WeoHTaM Tuna X vu A, H3BeECTHBIM NOX Ha3sBaHHem cuT Jluuze 13 X 
u 4 A. Vis quarpamnpl puc. | BuxHO, YTO B YCNOBHAX BHICOKOM U3ObITOUHO! We- 
JIOUHCCTH HaTpHeBLI WeoHT Tuna A NomyuaeTcA TObKO B OOMACTH MaJbIX R, 
OrpaHHveHHOH Ia Temmepatyp 70—90° 3HayenHnamu k 0,20—0,70. Jn 6o- 
Jiee BbICOKHX TeMIepaTyp OOacTb CCCTABOB, IPH KOTOPbIX BO3MO%KHO O6pa3o- 
BaHHe WeowuTa Tuna A, 3HauHTeIbHO cyxaetca. IIpu Temmepatypax spite 110° 
STOT MCKYCCTBEHHBIM WeouT Boodle He Obl NowyyeH. B uccmemoBaHHBIx yc- 
ROBUAX, KaK HM B YCJIOBHAX MeHbIIeH wlemouHocTH (°), MaJIble KOHUeHTpalHH 
SiO, B rene (n = 1 u 2) aBAaIOTCA HavOouee ONarONpHATHBIMU JIA OOPa3z0Ba- 
HAA 9TOFO WeowUTa. 

B otsuune oT reel c MasbIM cofzepxxanvem Na,O (*), B yCOBHAX HalIMx 
OMbITOB eomuT X MosyuasicA BiowHe ycTolunBo mpu 70° B O6macTH COCTaBOB, 
1A KOTOPEIX k u3MeHsAsIOCb OT 0,75 Jo 1,33. M3 rene co 3HaueHuaMH k > 1,33 
mip 70° axe IpH TMHTeIbHOM BbIepxKUBaHHH (Goee 7 cyTOK) KpuCcTamMue- 
CKHe MpOJyKTHI He Nosyuanucb. IIpu Oomee BLICOKHX TeMMepaTypax, Hallpumep 
yxe mpu 90°, neomuT X ycToHuHBO He KpucTaMs0Basca. B Tex %xe Mpefemax 
H3MeHeHHA Fk eoUT X OOpas0BbiBaJICA IIpH STOH TemMepatype BMecTe C IposlyK- 
tom B. IIpu temnepatypax Brute 100° neomut X BooOme, BeposATHO, He OOpa- 
3yeTca. 

TIponyxt B otTmuuaetca mo xapakTepy JeOaerpamM oT weomuToB A u X; 
B TO Ke BpeMA 3STOT AIOMOCHIHKAaT OGslalaeT 3HAUHTeJIbHON aflcopOmuMoHHoK 
CHOCOOHOCTHIO M10 OTHOMIEHHIO K BOJe, MOXKET BBIACIATh ee IPH HarpeBaHun Oe3 
PpaspylleHHA CTPyKTYPbl KPHCTaINMYeCKON PellleTKH H, HECOMHEHHO, TaKxKe AB- 
JiseTca WeomHToM. Ilo-BuyuMOMy, STOT IleOJHT HJeHTHYeH WeomHTy P, HeqaBHO 
onucaHHomy Bappepoo (*), Kak MOXKHO 3aKJIOUNTb U3 OJIM3OCTH Me2KITJIOCKOCTHBIX 
PpaccTOAHHH 3THX MpOMyKTOB UM TemMMepaTypHOH OOacTH MX OOpas0BaHUuA. Co- 
CTaB CHHTe3HpOBaHHOrO Hamu weomuTa B otTBeyaet dopmysie 0,94 Na,O- 
-Al,O3 3,52 SiO, -4,55 H,O u mexuT B Mpefesax H3MeHeHHA COCTaBOB [eo- 
auta P no yaHHpim Bappepa. OntTumambuple Temnepatypbl OOpasoBaHuA 1eo- 
auta B mexaT B mpesenax 90—120°. B stoi oOnacTH TemnepaTyp meomuT B 
ycToHuHBo oOpa3syetcs pu k, u3mMeHsrollemca B Mpefemtax 1,33<Q 2k < 4. Bos- 
MOXKHOCTh OOpasoBaHuA STOTO WeOMHTa B OONACTH elle Oo/IbIIMX k He Mpocse- 
2KeHa. 

J\n4 XapakTepHcTHKH aCOpOUMOHHBIXx CBOHCTB WeomuTa B Opia uccmeqoBaHa 
aacop6uua HO, C,H;OH, Nz u a-C;H,,. Monyyennpie usoTepMbl alcopouuit 
IIPHBeeHbI Ha pic. 3. Jia cpaBHeHHA Ha 9TOM PHCYHKe U300PaxKeHbl H8OTeEPMBI 
aicop6uun H,O Ha CHHTe3HpOBaHHbIX HaMH OOpasilaxX HaTPHeBbIX IeOJIMTOB 
A u X. Ilepeq agcop6munelti Bce HCKYCCTBeHHbIe IeOJIMTbI HarpeBaJIHCb B Ba- 
Kyyme mpu 200°. 3 usorepm puc. 3 BuyHO, 4TO LeomuT B o6naqaeT 3HadUTeNb- 
HOM aCOpOMMOHHOM CnOCOOHOCTHIO M0 OTHOMIeCHHIO K apaM BOA H OOHapyxKu- 
BaeT ACHO BbIpa%KeHHy10 CeJIEKTHBHOCTb acopOmlun. 

Kanpuvesaa dbopma weouuta B, nomyyeHHad MyTeM HOHHOrO OOMeHAa, B KO- 
Topol Ha Ca?+ 3amemeno 73% Nat, 10 CBOHM aCOpOlMOHHbIM CBOHCTBaM MOUTH 
COBCEM He OTIHUAeTCA OT HCXOMHO HaTpHeBOl. DToT PakT TpeOyeT cmemManb- 
HOrO OOBACHEHHA, TAK KAK H3BeCTHO, 4TO CMOCOGHOCTD K CeJIeKTUBHOM aycop6- 


* PesyibTaTH aCOpOUHOHHEIX HCCeqOBaHHli He MPHBeeHbI MOHOCTHIO B STOH padore. 
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WMH y WeouuTOB Tuna A u X B 3HaUNTeIbHOM CTeMeHH USMeHACTCA B pe3ysIbTaTe 
gameileHua HonoB Nat ua Ca?+. B o6mactu Temnepatyp 150—200° B uccaexo- 
BaHHbIX YCJIOBHAX OOpasyiOTCA MOUTH UCKJIOYMTeIbHO aHaJIbILMM MH OCHOBHOM 
HoseaH (mpofyKTs! A u 5, puc. 1). []pu stom ocHOBHOM HOseaH KpUCTaIMsyeTcA 
IIPCHMYIeCTBEHHO H3 Oovlee WeJIOUHDIX resell, WIM ree C MeHbINIMM comep2Ka- 
uuem SiO, (mMasbie k). Bo MHOrMx cLyaaAxX HaOsOaOCb COBMeCTHOe OOpa3o- 
BaHHe 9THX aJIIOMOCHJIMKATOB. 


i ‘es evs 


Puc. 3. Vs0repmbr aycopounu 
Ha CHHTe3HPOBaHHBIX WeOJIH- 
tax: 1 —H20 ua [ (13 x), 
2— He2O Ha Jah (4A), 3 —H20 
Ha B (npu 18°), 4 — C:HsOH 
ua B npu 18°, 5 —Ne wa B 
npu —l96°, 6 — H —CsHi2 
Ha B npu 18° 


S-0-0 0 +O u 
Q 02 04 06 08 10 
Hise 


Hatpuespie nweomuTnt A, X u B, B OMpeeeHHBIX yCJIOBHAX, B Mmporecce 
CHHTe3a MOrYT TepeKPHCTaJIM3OBbIBATbCA C OOpasoBaHveM Apyrux kKpucTas- 
Jimueckux (a3. Takve mpeppallieHua HaOsl0asMcb MpeMMYyllecTBeHHO B TeX 
clyyaax, KOra COCTaBbl HCXOMHbIX resleH OTBeYaJIM 3HAYeHHAM, HAXOJAUIMMCA 
BOIM3M TpaHul, OOacTell OOpas0BaHHA pasIM4HBIX WeoMTOB. Tak, Hanpumep, 
IPH JWIHTeCIbHOM BbIepxKUBAHHM ObIIM OTMeYeHLI cCyuaH Tepexona: A—X, 
X—B, B— ananpuunm. 

OrTmeyeH TakxKe Mepexo— B aHaJIbI[MM OCHOBHOrO HoseaHa. 

J{1a Oojee MOMHOTO OMpeseNeHHA OMTHMAJIDHBIX YCJIOBHM KPHCTaNUsaluH 
I€OHTOB H XapaKTepHCTHKM HX CBOHCTB HeOOXOAMMBI JabHeluIMe UCC eqO- 
BaHiw. Takve uccleqOBaHHaA MOryT MpHBeCTH K BbIABJICEHHIO HOBbIX CHHTeTH- 
YeECKHX ICOJIMTOB, OGaalOlulMX MOJeSHbIMM CBOMCTBaMU, M MOMOryT OTBeTHTb 
Ha PAN ellie He PeWIeCHHbIX BOMpPOCOB, HMeIOWIMX He TOJIbKO YHCTO Hay4HbI, HO 
WM 3HAYHTeIbHBIM MpakTMyecKHH HMHTepec. 


MuctutyT XHMMH CHJIMKaTOB Ilocrynusio 
Axazemuu Hayk CCCP 15 XII 1960 
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Tornann Akagemun nayx CCCP 
1961. Tom 138, Ne 1 


XHMH A 
THJIbM KAMAH u H. A. 4AQAEBA 


O 8,8,8-TPHXJIOPITHJIOBBIX IMUPAX HEKOTOPbIX KUCJIOT 
TPEXBAJIEHTHOFO MbILUIbAKA 
(ITpedcmasaeno axademuxom A. E. Ap6ysoeim 6 XII 1960) 


Hacrosilaa pa6ota aBIAeTCH pa3BHTHeM HalIvxX UCCeOBaHH B O6wacTH 
CHHTe3a HM U3YYCHUA CBOHCTB pasMUHbIX S:PUPOB KUCOT TpeXBaJIEHTHOFO MbIIIIb- 
aka (*), Smecb MbI 3aJaIHcb WebIO H3yYYHTb cmocobEl noswyyeHua B, B, B-TpH- 

_ XJIOPSTHJIOBLIX S(UPOB MbIMIbAKOBUCTOH, STUMApCHHUCTONM, cbeHusapCHHUCTOH 
MW WMdeHwNapCHHUCTOH KUCJOT. 


sh Hamu ycTaHoBieHo, 4To AIA CHHTe3a yKa3aHHbIX BbIe SPUpoOB BecbMa 
i 
. AyioulumMu ypaBHeHHsaMuH: 


YOOHO \HCIOJIb3OBaTb METON NepesTepHPuKAallUN, KOTOPE!i MOXKHO BbIPAasHTb cule- 


(RO)3 As + 3CClsCH:0H — (CClsCH20)3As + 3ROH. 
R’As (OR)2 + 2CClsCH2OH — R’ As (OCH2CCls)2 + 2ROH. 
He uck04eHa BO3MOXKHOCTH, YTO LIA MOMyYeHHA SUpPOB MOTYT ObITb MPHMeHEHHI 
HM [pyre MeTOJbI, MCMONb30BaHHbIe HAMM paHee JIA CHHTe3a SPUPOB KUCJOT 
TPeXBaJIGHTHOFO MbBIIIbAKA. 
Tak, Hanpumep, 8,8,8-TpuxopsTHNOBLI sdup dbeHusapCMHUCTOM KMCJOTHI 


» slerKo Mowyuaetca u3 cbeHusapcuHoKcu3a vu £,8,8-TpHxXMOpSTHIOBOrO CnupTa 


IIpH HarpeBaHuH B BakyyMe: 
CgHsAs = O + 2CCI;CH2OH 2 CsHsAs (OCHgCCls)2 + H20. 


BpijeseHHbie HaMH SupbI MpelcTaBeHb! B Tad. 1. Dru spupbl MpeycTaBAAIOT 
' co6o0H OeciBeTHLIe MacJIAHUCTHe »xHIKOcTH. Ilo cBouM XHMHYeCKHM CBOMCTBAM 
OHH ONHM3KH anudaTuueckH sPupaM KUCJOT TpeXBaJleHTHOrO MbilubAKa. Boot 
THIPOIMSyIOTCA, BbIeNAA COOTBETCTBYIOWNMe OKHCHbIe COeMHeCHHA MbIlIbAKA 
u B,8,8-TpuxiOpsTHIOBLIH CMHpT. 

[lpm B3avMogetcTBHu xsOpucToro alleTua c B,8,8-TpHXMOPSTHIOBbIM S~pu- 
| POM MBIIIbAKOBHCTOH KHCJOTHI Obl NMOJTYYeH TPeXXJIOPHCTHIM MbIIbAK MH COOT- 
| BeTCTBeHHO c B,8,3-TpHxMOpSTHIOBbIM S*PUpOM eHNMAapCHHUCTOH KUCJOTE — 

eHHILUXJIOpapcnH. 
‘ Hau MOMbITKH BbI,eIMTD B UMCTOM BHse XJOpaHrHApHAbI cocTaBa 
»CClsCH;OAsCl, u (CClsCH,O),AsCl tTaxxe He yBeHuamucb ycnexom. Ilo sce 
_ BeposTHocTH, 8,8,8-TpuxsJOpSTOKCHAMXIOpapcuH H AN-B,8,8-TpuxsOpsTOKcH- 
XJlopapCHH He TepMOCTOHKH; Mp MeperoHKe B OCHOBHOM IIpOTeKaloT Culesy1o- 
uve MpeBpalleHua: 


CClsCH2OH ++ AsClz @ CClgCH2OAsCle + HCl, (1) 
' 2CC1;CH2O AsCls = (CCl3CH20)2 AsCl + AsCls, (11) 
2 (WClgsCH2O)2 AsCl = (CClsCH20)s3 As ++ CClsCH2OAsCle, (II) 

(CCIsCHO)s AsCl ++ CCls;CH2OAsCle = (CClsCH20)s3 As + AsCls. (IV) 


_TleiicrsuteibHo, Mp HarpeBaHuu TpexXJIOpHcToro MbiMbsAKAa C B, B, B-Tpuxmop- 
STHJIOBbIM CIIMPTOM HaMH Obl HeHTHPMIMpOBaH TOJbKO Tpu-B, B, B-Tpuxsop- 
STH apceHuT. Jipyrux HHAMBUAyaIbHbIX MpOAYKTOB BbIJeIMTb He yjaJlOcb. 
BKewepaMeHTaATIbH ada Tacrs 
6,B,p-TpuxmopasTHAOBLh 2PUp MBUbAKOBHN CTOL 
KucaotTu. Ont 1. Cuecb 12,67 r tpusTunapcunuta u 31,0 r B, B, B- 
‘TPUXJOPSTHMOBOTO CHUpTa HarpeBasacb JO KMNeHUA B MeperoHHol KomGe Ap- 
6y30Ba, IPH 9TOM BbIJeIAICA STHJIOBbIM CIMPT C T. KHII. 78—79° B KOJIM4eCTBE 
8,35 r. Tleperoukoli B Bakyyme Bbigfeuenni: I] @pakiua (T. Kun. 128—130°/1 mm) 
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Ta6auna i 


S 
zi - As, % Cl, % e 
r= . KHT., 90 920 AR 
£ Coemunenue °C/MM dj, NM | MRp hee x 
A pt. cT Halig.| BhIU. | Haliz.) BHIU. is 
Tne " a 14,18 , 
1 |As (OCH,CCl,)s 172—173/2 | 1.8044 | 1,5854 | 89,75 | 10,01 | 4775 | 14,39] — | — | 47,8 
2 ICsH,OAs (OCH,CCl,) | 128-—130/1,5] 41,6847 | 1,5149 | 74,58 | 9,89 | 1-28) 17,99 | 50,9 | 51,08 
CH,=0 
31)”. YAsOCH,CCl, | 89—90/1,5 | 1,7545 | 1,627 | 49,32 | 10,21 | 3623 | 26,48) — | — | 70,4 
CHO” ay 
4 ICpH,As (OCH,CCl,), 1332 | 1,6603 | 1,5244 | 73,874 | 10,375 | 18°68 | 48,69 | 52,64 | 53,08 | 69,7 
5 |CH,As (OCH,CCl,). | 169—170/2 | 1,6524 | 1,5717| 89,334 | 10,967 | 1°28 | 16,60] 47°30) 47,40 | 73,58 
6 |(CoH,)2 ASOCH, CCI, | 160—167/1,5] 1,4714 | 1,6105 | 89,018 | 12,024 | 19°82 | 19,84 | 38°24 | 28,18 | 83,17 


B KosuuecTBe OKOIO 3 Tr, 7%° 1,5149, qe 1,6847 u II] cpakuusa (tT. Kun. 1723 


173°/2 mM) B KommuectBe oKouIO 15 r, 129 1,5351, d2° 1,8044. Ha ocHopaHun aHa- 
JiM3a Ha MplluIbak I] ppakuuA npescTaBATAa YAMCTHIM STH WM-B, B, B-Tpuxopap- 
ceout u II] — 8,8,8-TpuxnopsTHOBLIH SdHp MbILIbAKOBMCTOM KUCJIOTHI. 

On T 2. Cmecb 45,3 r TpexxsopucToro MbluIbaAKa U 37,8r B,B,8-TpHxmop- 
3THJIOBOrO CHUpTa HarpeBaslacb JO KHMe€HuA B KOJIOe C OOPaTHbIM XOJIOAMIbHH- 
KOM B TeyeHHe 8 uac. Jlanee, nocule MHOrOKpaTHOH pa3roHKH B BaKyyMe liouly- 
yeHa (ppakyua c T. Kun. 172—173°/2 mm c n% 1,5352, aro CooTBeTCTByeT Tpu~ 
8,8,8-TpuxmopsTHapceHHTy. 

8,8,8-T puxTOopasTHAOBH H 9pup STH ICHrAUK OT b- 
MBIbAKOBHCTOH KUCAOTH. B Kon6e Ap6y30Ba HarpeBanacb 
cmecb 12,3 r CMelIaHHOrO aJJIMJOBOrO S*:upa ITUJICHTIMKOJIbMbILIbAKOBUCTOH 
KucoTH! H 10 r 8, B, B-TpuxNOpsTHOBOrO CNMpTa, Ip STOM BbIZeIANICH aJJIH- 


OBI CnupT T. Kun. 97—99°, np 1,4130 B KonuuyectBe 2,7 r. Hocue BakyyM- 
lleperouKH BbieeHa PpakuusAa c T. kKuM. 89—90° npu 1,5 Mm B KouuuecTBe 8,1 r 
(KOHCTaHTbI H aHaJIMTHYeCKHe JlaHHble cm. Ta6. 1). 

B,8,8-T pHxNOpaTHAOBHH 9PuHpP IXTHAAPCHHUCTON 
KUC1OTH. AHaJIOrH4HO ONMCaHHOMY BbIlle MyTeM HarpeBaHHa cmecH 13,0 r 
STHJIOBOrO Supa STHMAapCHHUCTOH KUuCOTH U 22,0 r B,B8,8-TpHxnOpsTHIOBOrO 
ciMpTa Obl CHHTesupoBaH B,8,8-TpHXJIOPSTHIOBLIH aIpup ITHMApCHHUCTOL 
KHCJIOTH C T. KUM. 132°/2 mm B KomuUecTBe 16,2 r. 

8,8,8-TpuxnmopayTHAOBHh 9bup hbeuuaapcuHucton 
KHCAOTH. Onut 1. Cmecb 10,0 r oxncu dbenunapcnua u 17,8 r £B,B,B- 
TPHXJIOPSTHJIOBOrO CHMpTa HarpeBaslacb B KONOe C OOPaTHBIM XOJIOAWIbHUKOM 
B TeyeHHe 2 yac. HM 3aTeM B BaKYYMe JO YCTaHOBJIeHHA MOCTOAHHOFO paspexke- 
Hus 10 MM. B pe3ymbTatTe pasroHKH 43 Ko6bl DaBopcKoro B BaKyyMe BbIfeeHa 
OCHOBHas (ppakuusA c T. Ku. 169—170°/2 mm B kosuuectBe 16,9 r. 

Ont 2. Ilyrem nepesvepupukanuu 9,9 r anmunoBporo sibupa dexnusap- 
CHHHCTOW KHcOTHI u 10,7 Tr B, B, B-TpHxaopsTHAOBOrO cnupTa BbIAeNeHO 3,4 r 
aIMOBOrO cnupTa c T. kun. 96—98°, nD 1,4145 u 9,3 B,8,8-rpuxsnop- 
STHOBOrO supa *eHuMAapCHHUCTON KuCMOTH c T. kuM. 163°/ 1,5 mM. 

pup c BOLO ruzpomusyeTcaA c OOpas0BaHveM OKUCH cbeHuapcunHa. 

8,8,8-TpuxntOopasTHAOBHA a9pup Rumbenunaapceuau u- 
cTOH KUCAOTH NoNyyeH aHaOrM4yHO OMHCaHHOMYy BbIllie MyTeM Harpe- 
BaHua 14,5 r stHOBoro ac*upa AueHuapcHHUNcTO KucNoTEE Hu 8,0 r_ 8,B,B- 
TPUXJOPSTHMOBOrO cuupTa. Bpiwio BbIemeHo 16,5 r BelllecTBac T. Ku. 167°/1,5 mm 

Xumuyeckuiht HHCTHTYT Tloctynnsto 

Kasanckoro duduvana AKagemuu nayk CCCP 28 XI 1960 

HWMTHPOBAHHAH: JIATEPATYPA 


hm 17. Kamat uap., KOX, 10, 921 (1940); KKOX,B17, 553 (1947); 26, 127 (1956); JAH, 
76, 535 (1951); JAH, 81, 837 (1951); U3. AH CCCP, OXH, 1952, 908. 
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Hoxnagn Axagemun nayrxr CCCP 
1961. Tom 138, Ne 4 


XHMHA 


Axanemuk A. H. HECMEAHOB, A. M. PYBHHIITEMH, Lr. JI. COIOHHMCKHH, 
A. A. CJIMHKHH, H. C. KOUETKOBA u P. B. MATEPHKOBA 


MCCJIEMOBAHHE MATHUTHOM BOCNPHAMUMBOCTH 
NOJIMAJIKAHONOJIM®EPPOLWLEHOB HU NOJIM®EPPOLLEHWJIEHOB 


B cBa3H Cc OOHapy2KeHHBIMH HelaBHo (+ *) ocoGeHHOCTAMM MarHUTHBIX HW Apy- 
_ THX CBOHCTB MOJIMMePOB, MOJIEKYJIbI KOTOPHIX OOMaaoT OO/bIIMM KOJH¥YeCCTBOM 
_ COMPAKeHHBIX KPaTHBIX CBASeCH, MpeACTaBIAIO HHTepec H3yYeHNe MOMMaIKaHo- 
| mlomMdeppoueHoB, B KOTOPHIX MeKLY KaKILIMU JIBYMA OCTATKAaMH MOJeKya cep- 
polleHa coyepmutca 4—5 CH,-(uau — CH,— CH,.— )-rpynn. Tlomumo stux 
NOJIMMePOB, MOJIYYeHHBIX NyTeM peakWHH KoHeHcauHH (°, ’), TNA cCpaBHeHHA 
| Obl B3AT Noueppouenusen*, oOpasyiolwlulicd B pesyJbTaTe peakIHH PeKOM- 
Ounaunn (2°). 

CrenleHb NOJIMMepH3alluH MOMMMepoB Oba HeGO/bUIOM, HO BCe %Ke ylasocb 
NOMYUTh JIA KaxKAOrO THMA MOMMMepa pasJIMUHble MOWeKysApHble Beca. JA 
BCeX 9THX TOJIMMepoB Obla U3MepeHa cTaTHYeCKad MarHUuTHaA BOCHPHMMUH- 
BOCTb B MHTepBasax HalMpsxAKeHHOCTH MarHUTHOrO Noa oT 3500 no 4500 spc. 
uM Temiepatypz oT 20 no 120°. M3mepenua mpoBoyusiucb MeToyom Mapajea Ha 
MarHHTHBIX Becax C 4yBCTBUTebHOCTHIO | -10-* r. [lomumo u3mMepeHui B TBep- 
JOM COCTOAHHU,MarHHTHaA BOCIIPHHMUMBOCTH Olpeleaach TakKKe U JIA pac- 
TBOPOB STHX MOMMMepOB B GeH3oue (MeTOZOM I yu B MHTepBase HallpAx*KeHHOCTeH 
noua oT 4400 no 6100 apct.). Hexotophie pesysbTaTbI H3MepeHHM TIpHMBeeHbI B 


nee 


< 


4 
® tao1. 1. 
* 
iy Ta6auna 1 
i 
4 : Mog, YflewbHadA MarHuTHaa 
\ NoNe BeujectBo | Bec BOCE PHHMUMBOCTb 
f I @Meppowex 186 —0,65-107§ 
e. II Tiudbeppouenna* (89) 370 —0,25-10~8 
—6 
4 Ill Tlentastanoqudeppouex 502 —0,05-10 
IV IlomumeraHononmudeppouen | 1000 +1,4 -10-8 
V » 2000 +0,7 -10-8 
VI TlommatTaHonoamndep poner 1000 +0,6 -10-§ 
ke VI » 2000 —0,1 -10-6 
5 VIII | Tlonucbeppouenusen 2500 -+-43,0-10-6 
: * Tlubeppouenus Opi mio6e3sHo npegocrapmen Ham B. A. CasoHosolt u 
¢ B.H. J[po3yom, 3a 4TO aBTOPbI BLIPaxKaloT HM CBOIO OarosapHOCTh. 


IIpupemenubie B Ta6. 1 3HaYeHHA yAeJIbHOM MarHHTHOM BOCIIpHMMuMBOCTH 
_ JjaHbt 6e3 NompaBKH Ha MaMarHeTH3M UH, CJleAOBAaTeIbHO, Tocje NOMpaBKU CTa- 
HYT Oomee mosomKUTenbHEIMH. B yacTHocTH, mojmMsTanonosmueppouen VII no- 
cjle MOMpaBkH Ha JvamarHeTH3M CamMoro qeppolleHa UMeeT TOOKUTeMbHOe 
3HaueHHe BOCIIPHHMUYMBOCTH, PaBHoe 20,55 :10-°: 


ha Ra Ss > 


* Tlonudeppouenumen Obi s06esHO mpefocraBsed Ham C.JJ.CocHHbIM, KOTOpOMy MbI BbI- 
paxkaem rayOoKyio OJlarogapHocTs. 


125 


Takum o6pasom, B OTIMUMe OT HCXOMHbIX JMaMarHUMTHBIX MPOAYKTOB, us 
KOTOPbIX ObIJIM CHHTe3HPOBaHbl NOJIMMepbl, MOceqHve ABJIAIOTCA MapaMarHuT- 
HEIMH*. 3 WanHEx Tabu. | cnemyeT, YTO YeM OIMKEe PacHoO*ReHbl [pyr K Apyry 
B MOJIeKYyule OCTATKH eppolleHa, TeM OoJIbIle BOSHUKAIOWMNMA NapaMarHeTHsM. Crie- 
IMasIbHO MIpOBeeHHbIe H3M€PeHHA WOKAasaJIH, YTO BeMYHHbI yebHOW MarHuT- 
HOM BOCIPHUMUMBOCTH STUX MOJIMMepOB B pacTBOpax NosyualoTcs Te 2*Ke CaMble, 
¥uTO HM IPH H3MepeHHAX B TBEPAbIX NOMMepax. 

M3 scex 9THX (pakTOB BbITeKaeT, YTO NapaMarHUTHble CBOHCTBA aMOpdHbIx 
NoOMMaIKaHonomHeppoOweHOB MU MOIMpeppoleHHeHOB OOYCJIOBJIEHBI 9JIEKTPOH- 
HbIM CTpOeHWeM HX MOJIeKYJI, IpHYeM BeJIMYHHa MAarHMTHOH BOCIIpHHMYMBOCTH 
3aBMCHT OT XapakTepa CBA3H MexKLy ocTaTKamu dbeppomeHa. MuTepechbim dak- 
TOM ABJIACTCH OTUCTIIMBOe B3ANMOJeHCTBHe OCTATKOB (eppolleHa axe B NOMH- 
3TAaHONOIHeppoleHaxX, HECMOTPpA Ha SHAYHTEJIbHOe PaCCTOAHHe ME*KAY HUME. . 
B MouHOM COOTBETCTBHH C MOJYYCHHbIMH HaMH JaHHbIMH HaXOJATCA JaHHble 10 
cneKkTpam 9. m1. p. (). 

BecbMa HHTepeCHbIMH BONpOCaMH, BOSHUKAIOWIMMH B pe3yJIbTaTe MIpoBeyeH- 
HbIX HCCJIENOBaHHi, ABJIAIOTCA BONpPOCbl O Me€XaHH3Me TOABJICHHA MapamMarHe- 
TH3Ma B polecce mepexojla oT (eppollena K MOJIMMepaM Ha ero OCHOBE U O TeM- 
TlepaTypHOH 3aBHCHMOCTH MarHHTHOM BOCIIPHMMYHBOCTH TaKHX MOJIMMepoB. 
CrelyeT 3aMeTHTb, YTO pH MporpeBe Jo 120° Hamu HadsIOJaNoch 3HauNTebHOe 
HeoOpaTumMoe Bo3pacTaHHe BeJIMUMH MAarHHTHOM BOCMPHHMUYMBOCTH Oe3 M0- 
ABJICHUA (eppOMarHeTH3Ma. CBA3aHO JIM STO ABJIEHHe C MpOleccoM OKHCJIeHuA 
IIOJIMMepOB HIM MpoTeKaeT H€3aBHCHMO OT Hero, NOKa Ha OCHOBaHHH MouyyeH- 
HBIX JaHHbIX YCTaHOBUTb HeJIb3A. 

BcecTopoHHue UccieqoBaHiA MoMaIKaHonoIMpeppoueHoB OyyT HaMy 
TIpOOJDKeHEI. 


MuctutyT 9 JieMeHTOOpraHHuecKUx CcoemHHeHHit . Tloctynuso 
AxkajemuH HayKk CCCP 29 XII 1960 


HWMTHPOBAHHAA JIMTEPATYPA 


1A.A. Bepaunu, Xm. TexHod. nomumepos, Ne 7—8, 139 (1960); H.H. Cemeuos, 
Tam xe. ? JI. A. Baotomeugdeabng, A. A. Bepaun ua gp., Kypx. Crpyxrypx. 
xuMm., 1, 103 (1960). M.A. Tetigapux, 5.9. Daspugos 4 gap., MexyayHapogu. 
CHMIOSHYM MO MaKPOMOJIeKYJIAPHOM XHMHH, AOKJafbl H aBTOpedepatn cexuHH III, 1960, crp. 85 
*A.H. Hecemeaxuos, MW. Pw Ouunckaag, YI. JI. CtonumcxKkult, Bpicoxo- 
mMovleK. coeq., 2, No 4, 526 (1960). 5A. H. Hecmeauos, A.M. Py6OuHnmTeHH 
vu p., JAH, 1385, Ne 3 (1961). ® A.H. Hecmexuos, H.C. KouetKosa, JAH, 
126, 307 (1959). *°A.H. Hecmeanos, H.C. KouetKosa, P.B. Marep u- 
KoBa, JJAH, 136, Ne 5 (1961). ®O. A. Hecmexuosa, 9.T. Tlepepasosa, 
JAH, 126, 1007 (1959). ® ALH. Hecmesauos, B.A. Casouosa, B.H. I posq, 
AIAH, 126, 1004 (1959). 1B.B. Kopmak, GC. JI. Cocun, B.M. Amekceesa, 
JLAH, 132, Ne 2, 360 (1960). 4 A.H. Hecmeauos, B. B. Kopmaku gp., JAH, 
137, Ne 6 (1961). 


* SuayeHve MarHuTHOM BOCIPHHMUYHBOCTH He 3aBHCHT OT HallpAYKeHHOCTH MOJIA, YTO CBUe- 
TeJIbCTByeT 06 OTCYTCTBHH cbeppoMarHeTu3ma. 
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: Joxrnxagn Akagemun nayx CCCP 
4 1961. Tom 138, Ne 1 


XHMHA 
B. H. MOCbIMNANKO u H. C. JOMBPOBCKAS 


i | PA3BHEHHE JMArPAMMbI COCTABA HW PEAKUMM OBMEHA 
NATEPHOM B3AHMMHOHM CHCTEMbI M3 AEBATH COJIEN: 
XJIOPHIOB, BPOMHJOB HW CYJIb®ATOB JINTHA, 
HATPHS WM TAJJINA 


(ITpedcmaeaexo axademuxom H. B. Taxaxaessim 16 XI 1960) 


Paspupasa ujen H. C. KypHakoza B o6macTH MHOrOKUMMOHeHTHBIX PaBHOBe- 
cn, B. I. Pagumes teoperuueckn BbIBe MATb THNOB pa3sOHeHHA MATepHBIX 
B3aMMHbIX CHCTeM U3 JeBaATH cole: A, B, C, Du E ('). Briapnenne Tuna pas- 
: OHeHHA,HaxOMKJeHve CHHTYJAPHOM H HepaBHOBeCHOM 3Be3f MO3BOJIAIOT OLeHUTD 
_peakuHu OOMeHa HM COKPaTHTb SKCHepUMeHTAIbHbIe UCCeJOBAHHA BSaHMHBIX 
'cuctem (?). Tun A onucaH Ha mpumepe cuctem Na, K, Ag || Cl, Br, NO,(°). B na- 
CTOAUeH paOoTe BIepBbIe NOATBep2xK eH SKCMepHMeHTa/bHO Tun C. J[uarpamma 


* 


a ‘eal Onst Haniel 


Vujekcbl BepuinH, ceKyllve QIeMeHTLI HK CTaOusbHBbIe AUeLKH 
TMarpaMMbl cocTaBa B MATepHOH B3aHMHOH cucTeme u3 9 couell: 
Li, Na, T1|| Ci, Br, SO, 


: CuHHryJApHasa 3Be3qa | HepaBHopecHaa 3Be3qa 
a Avm) m1 0lm EI 
g 
8 Br Cl | SO, | SO, | Cl | Br 
etl 0) 2 4 0) 2 4 
Na vee ha Ue vio Be Dae 
Tl 4 Da 0 4 2 0) 


Basucuniii TpeyrombuuKk: 4—2® — 4 
Cexymlue TeTpadsypul: 
1) 24—22—4; 2) 4—2°—42; 3) 24-24; 4) 4—2°2°—4; 
5) 4—282°_4; 6) 4—2°—42. 
CraOuJbHble AYCHKH: 
F A022 27 4 
; 2) 4—2°—420 
TlentaTombl WHKIHYeCKOH 4YacTH 3Be3/bI: 
3) 24—222°—4; 4) 24—2°—2?—42; 5) 4— 27° 2°—4; 
6) 4—2°2°—42 


; OrpocrTKu 


cocTaBa NATepHOH B3aMMHOM CucTeMbI H3 9 Cosel H30OpaxmKaercsA B Bue YeTbIPeX- 
MepHoro JeBATHBepUIMHHOTO NosmMTONa (MpHsMbl 2 posa). Haxoxwxjenue ceky- 
‘MX WM CTAOWJIbHBIX 3JIEMeHTOB JHarpaMMbl COCTaBa NPOBeeHO C MOMOUIbIO Ta- 
‘OJHIbI HHTeKcOB BeplinH*(‘). 


* VujeKc BeplIHHbI yKasbIBaeT Ha YHCIIO CTaOHJIbHbIX [uaroHalle, OMMpalouluXCA Ha JaHHy10 
jpomnny nouwuToNa. 
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B ra6a. 1 MpHBeseHbl HWHJeKCbl BeplIMH CMHTyApHOH HM HepaBHOBeCHOH 
3pe3n. B Tune C o6e 3Be3Abl HJCHTHYHBI, BCMeEICTBHe 4ero HaOOpbl HHJCKCOB Bep- 
WMH OJMHakoBbI. PacmosoxkeHHe KaTHOHOB B HepaBHOBeCHOM 3Be3qe OAMHAaKO- 
BO, a pacro/ox%KeHve .aHHOHOB — OOpaTHoe. ae 


LUBP 547° 


Natl 


632 460 PB P-9 P-10 600 : 600 


Puce. 1. Tpotinaa cuctema LiBr — NaCl — 4/2 TleSOa 


Kak BufHo u3 Ta6n. 1, ceKkyulve TeTpasapH 3, 4, 5 u 6 uMelwoT*oOmee OCHO- 
BaHwe — Oa3ucuplli TpeyrombauK 4—2°—4. Jlna HepaBHOBecHolt 3Be3fbI_ OH 


‘ é Li,SO 
oTBeuaeT comam LiBr — NaCl eee a [WIA CHHTYJAPHOW 3Be3]{bl — 


— NaCl — TIBr. OxcnepumMeHtTabHo MpoBepeHbl TPOMHbIe CHCTeMbI, OTBEUAIO- 
uve STHM Tpeyrombunkam. Hepapuosecubili TpeyrombHuk LiBr — NaCl — 
Tl,SO . 

ow * xapaKkTepu3yeTCa HaIM4HeM IecTH Nome KpucTanmusanuu (puc. 1): 
Tpex nojleH KomnoHeHToB LiBr, NaCl, Tl,SO4, aByx nome mpofykTOB OOmeHa 
Li,SOsz, Na,SOs u He6ombuloro noma daspt X. B maTepHow B3aMMHOM CHcTemMe 
Li, Na, TI|/Cl, Br, SOs kom6uHanusa come, oTBeYaIOIIad KOMMOHeEHTaM Hepa- 
BHOBECHOH 3Be3Qbl, HaHMeHee CTaOHJIbHa. 


Basucublii TpeyrovIbHUK (puc. 2) CHHrYIApHOM 3Be3/bI pe caNhe) —TIBr 


ABNACTCA MPOCTOH TpoitHol cucTemMol c TpeMA MOJIAMH MCXO{HBIX KOMMOHEHTOB 
UR te 4 . Li,SO : 
M Tpolinolt sBreKTH4ecKOoli TOUKOl Mp 424° u cocrape 2% —S— -+- 7%NaCl + 


+ 91% TIBr. Takum o6pa30m, cTaOumbHOcTb OasHcHoro TpeyrosbHuKa MO]- 
TBepxqaeTca. O6a TpeyrouibHuka — HepaBHOBeCHbI MW CTAOMJIbHbIM — oOaqaroT 
3HAYHTeIbHBIMH OOACTAMM paccjlaHBaHuxA. B Tune C mepeceyenwe HepaBHO- 
BeCHOrO M Oa3HCHOrO TpeYrOMbHHKOB OCYIIECTBIAeTCH M0 KOHBepCHOHHOM 
mpsmou ('), Yo yKa3biBaeT Ha pacnosowKeHHe OOOHX TPeyrOJbHHKOB B OHO 
PHMepmIOCKOCTH YeTbIPeXMepHOH TMarpamMbl. KoHBepcHoHHaA NpAMas onpe- 


HeAeTCH TOUKAMU AMarpaMMbl CocTaBa, OTBedaIOluMH 50% Bie F004 TIBr—> 


2 
—>NaCl vam 50% LiBr-+ 50% 72908, NaCl. 
Kak BHHO, KomnmoHeHT NaCl BxoguT BO6a TpeyroubHHKa, Tak YTO OOMeHHOe 
pasloxwKeHve CBOAMTCH K peakUHH mMapbl comeH: LiBr + BSOs 2 LiSOr aries 


ew 2 
a kKommoHeHt NaCl octaetca 6e3 H3MeHeHHA. 
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LipSO, £7499 Nace 


Puce. 2. Tpolinaa cuctema TIBr — NaCl — 1/2 LieSOy 


Takum o6pa30m, peakuHu OOMeHa B TATepHOl B3aMMHOH cucTeme Li, Na, 
} oy 

-T1Cl, Br, SOs Butpasatca B Bue cAeyIOULMX ypaBHeHnnii: 

HepaByopecnan 3Be3/1a: 


LiBrwt fp Ta SOq+> 1/2 Lig SO, 4- TIBr, 
LiBr + NaCl > LiCl + NaBr, 
NaCl oie To TI:SO, — 1/y Nao SO; a AUICIE 


CuHryapHan 3Be3ja: 


1g T1sSO,4 -- LiBr — TIBr -+ 3/2 LigSOg, 
ly NasSOq a LiCl > 1/y LisSO, -- NaCl, 
NaBr ++ TIC! —> NaCl -- TIBr. 


CyMMMpys H coKpalilaa, mowy4uM: 


TESOL, 1.50; 
LiBr + —j— > > + TIBr. 


BcecowsHblii Hay4HO-HCCIeqOBaTeIbCKHH =HHCTHTYT Tloctynuao 
XHMHYeCKOrO MAallIHHOCTpoeHHs 14 XI 1960 


UHMTHPOBAHHAA JIMTEPATYPA 


[wera twine p, Mss. AH CCCP, OMEH, cep. .xxnmuy,, 2, 153. (1936), 
> H.C. Mom6poscKkaa, Vsp. cekr. cbu3.-xum. anatusa AH CCCP, 19, 359, (1949). 
ett CoehomoOporckas, E. A. Anexceespa, )KHX, 1, B..9, 2052 (1956). 
“H.C. HomO6posckaa, E. A. Anexceesa, J[AH, 127, No.5, 1019 (1959). 
5 
; 


= 9 JAH, 7. 138, Ne J 429. 


Jloknaanm Arnagemun nayx CCCP 
1961. Tom 138, Ne 1. 


XHMH A 


Axanemuk Buxt. HU. CIIMLbIH u WH. E. 3AMAKOB 


BJIMSHWE PAXMOAKTHBHOrPO H3JIYYUEHHSA Y*° nw Y* 
HA BEJIMUHHY PACTBOPHMOCTH FHAPOOKHCH HTTPHA 


Kak yCTaHOBJeHO HCCIeqOBaHHAMM MOCJIeAHUX eT, PaMOaKTHBHOe U3Jy- 
yeHHe TBePbIX Tes] OKA3bIBAeT 3AMeTHOe BJIMAHMe Ha UX USHKO-XHMMYeCKHE 
CBOHCTBa H, B UaCTHOCTH, Ha Mpomeccb! pactBopeuna (?,?). B HacTosme padoTe 
u3yyeHa PaCTBOPHMOCTb B BOMe PakNOaKTHBHBIX OOPasIlOB OKMCH HTTpHA, a 
TaKKe BIMAHHe Ha 3TY BeMUHHy 9HeprHu B-n3yyeHHA. Bein McNOb3OBaHbI 
mpenapaTHt Y.Os, cofepsKaBuiue B OJHOM Clyuae Y*°, a B Apyrom — Y*?. YxKa- 
3aHHble H30TOMNbI MpescTaBaioT coG6oh B-usnyuaTenu (Y*: Eyaxc = 2,18 Mos, 
Ty, = 64,6 uaca; Y*: Eyaxe =01,55 Mon, 7s,=057,0 fina). B Cryuae Y 754-1: 
JTyY4eHHe HeSHAaYHTeJIbHO, B Culyuae Ke Y°° OHO BOOOUIe OTCyTcTByeT. M3mepeHue 

MepHowoB* nosypacnaa M 3aKOHOMepHOCcTH 


Qo3r 5 MOPOWeHHA B-y4el aIIOMHHHeM MoOKa3ano. 
iS UTO MbI HM€JIM eJIO C JOCTaTOUHO FHCTEIMU 
= B paj[MOXHMHYeCKOM OTHOIWeHHH W30TOMA- 
© q2 MH. , 
Ee IIpemapaTbl OKHCH UTTPHA pasTHU4HO!i 
= ylebHOK akTHBHocTu (oT 0,004 no 260 m 


Cu/r) roTOBHJIHCb B OMMHAKOBbIX YCJIOBHAX 
BbIeIeHHeM THPOOKHCH HTTPHA u3 pac- 
TBOpa a30THOKHCJIOH COJIH C TOMOIILbIO 
NH,4OH, mpompiBaHnem ocayka OuqucTuUA- 
Oe) y Gi J ¥ae JIMpOBaHHOH BOOH MU MpoKaJIMBaHveM ero 
Sia oO 
Puc, 1. Kuneruka pacTBopenna B Boje npu Temmepatype 950". 
npu 25° npenapatos okucu urrpua pasnad- _PacTBOpMMocTb usy4asacb B TepMocTa- 
HOH yyeibHOli paguoakTuBHocTu.J—0,05 THPOBaHHoM cocyge (25°) c BHHTOOOpa3Hol 
 Cu/r, 2—4,08 m Cu/r, 3—20 m Cu/r, memanKkol HM MacsHBIM 3aTBopom. Ilpe- 
4—96,70 Mm Cu/r, 5—150 m Cu/r Ye lapaT B KomHuectBe 0,5 r nomellaica B 
75 MJ OHJMCTHIJIMpOBaHHOH BOLE, mpo- 
H3BO]MJIOCb NepeMeWIMBaHHe H yepes Karxk Able 30 MHH. OTOMPasHCh Mpobbl pacr- 
BOpa pa3sbeMHCH MHMETKOH Co CTeKAHHbIM (pHJIbTpoM. IluneTKy mpeqBapuTesbHO 
HECKOJIbKO pa3 OMOJaCKHBaJIM H3yYaeMbIM PaCTBOPOM, U4TOObI H36eKAaTb NOTeph 
PpacTBOPeHHOroO BellecTBa 3a CueT aycopOuHH.OTOOpaHHyt mpoby (oKovio 0,5 ma) 
Me€peHOCHJIM B aJIOMMHHeBYIO YaILeUKY, BSBEIIHBaJIM pacTBOp HW 3aTeM ymapu- 
Bal ero yccyxa mo cnewMaibHoK samnol. Ilo 3HaueHHAM aKTHBHOCTH 
cyxoro OCTaTKa, BeCy OTOOPaHHbIX MpoO H AKTHBHOCTH 9TaIOHA PacC4YHTHIBaach. 
PpaCTBOPHMCCTb. OTasIOH TOTOBHJICA YyMapHBaHHeM B aJIIOMHHHeBOH YallleuKe 
onpeeseHHOrO OObeMa PaCTBOPA C H3BeCTHBIM COJepKaHHeM B HEM HTTPUA.— 
B Boje OKHCb UTTPHA NOMHCCTbIO ru~paTupoBaHa. TlomyuenHple HaMH Be- 
JIMYHHbI PaCTBOPHMOCTH OTHOCATCH, OUCBHAHO, K THAPOOKHCH HTTPUA, KOTOpAA, 
110-BHHMOMY, B pacTBOpe elle ONOJHUTeIbHO ruspaTupyetca. Tlostomy 
AIH MpOCTOTb! 3HaYeCHHA PaCTBOPHMOCTH YKAa3bIBaIOTCH HWKE B MUJIIMTpaMMax 
Y.Os na 100 r Bonn. 
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Codepxeanue Yy 
SS 


Uto kacaeTCA KMHETHKH pacTBopeHua Y,O3, TO 3aMeTHIX pasHaMh MeEx]Ly 
M3YYCHHBIMH TpelapatTaMu He Opiio 3ameyeno. Ha puc. | npwBeyqenb! KpUBbIe 
yCTaHOBJIeHHA PABHOBECHA, XApaKTepHble JIA BCeEX H3Y4CHHIX yPOBHeH pajno- 
aKTHBHOCTH. SIBIeHHIi MepecbiileHus He OOHapyxKuBaeTca. PaBHoBecue TBep AOL 
(asbl C pacTBOpoM jJlocTHraeTca 3a 7—8 uac. 


* 
B taOn. | 4 Ha puc. 2 mpuBefeHbl MaHHBIe O pactBopumocTH Y,Os, cofepKa- 
» ¢ 
uleH pasHuHbie KoMuecTBa Y*°. Ecau yyeabHasd paywoaKkTHBHOCTbh Jl@XxKHT 


B npefenax 0,05—1,0 mCu/r, pacTBopumoctp 


OKHCH HTTPHA COXpaHAeTCA MpakTHyeCKH To- 04 
_ctoaHHot (0,18—0,17 mr ua 100 r H,O) u : 
HE OTMYACTCA OT BEMUMHbI,HAaeHHOH B(?) BZ 
METOJOM SJIEKTPOMETPHYECKOTO THTPOBAHHA & G3 
HacbIIleHHOro mpH 29° pacTBopa Hepasno- =S 
aKTHBHOPO Mpenapata Y.Os (8,00 -10~® momp/a1 = 8 
_ umn 0,18 mr/100 r H,O). Ilpu ganbueituiem S 2 gah 
| GOBbINIEHHH YCJIbHOM aKTHBHOCTH BIWIOTh 2S) 
Ho 20 mCu/r pacTBopHmocTb monwxKaeTcH SX 
- UpumepHo ByBoe.Bpiue 20 mCu/r nagnnaetca Qi. 

_ pesKoe yBesiMueHHe pacTBOpuMocTH. Bee jaH- “3 me WN ty Oe cra 
‘able Ta6u. | ABAsIOTCA Cp2>HHMH “3 3—5 onbI- lg ydensnou paduoaxmubuocmy 
' Tos. BenmuvHa MaKCHM2JIbHbIX OTKJIOHCHHH ro i 

0 Pue. 2. Bauanne 206aBoK Y2 ya Be- 
OT CPpe€MHHX BeMHYMH cocTaBsAeT -+6%. NHYHHY PacTBOpHMOCTA OKHCH UTTpHS 
Ta6n. 1 moKka3biBaeT BIMAHMe Ha pac- B Boe mpH 25° 


TBOpHMocTb Y,O3s Tak»Ke u30Tona Y*!, xapa- 
KTepH3yrolleroca Coulee HUSKOH MaKCHMaJlb- 
HOH SsHeprve vanyueHua. MoxkHo 3akmicuNTb, ¥To B-n3s1yyeHHe Y*? Takxe 
BIMACT Ha BEJMUYMHY PaCTBOPHMOCTH OKHCH UTTPHA, MOHWKAaA ee, HO MPH OMMHA- 


Ta6Omuna 14 


*% 
Bausnue usrysenua Y°® uv Y®! na pacrBopumoctbs V2O3 B Bome MpH 20°. , ; 


YqeabH. , , PacrBOpHMOCTb Y JeubH. PacTBOPHMOCTb 
payquoakTuBH., |’ Y.O3, Mr Ha paqvoakTuBH., Y.O,, Mr Ha 


M Cu/r 100 r H.O M Cu/r 100 r H,O 


th | 


Usnayuenuue Y 


0,05 0,18 25,00 Onn 
0,50 0,417 34,70 0,13 
1,04. 0) eta 44,64 ORG 
Pept) 0,15 60,00 Org 
Ale) 0,414 77,50 0,19 
4,08 0,42 96,70 0222) 
lO 0,12 126,50 (0,26 
12e 10) OF42 150,00 0,28 
16,50 Ue alel 211,00 Onan 
20,00 Qed 260,00 0,41 
Usnyuennue Y®* 
0,004 0,18 2,09 | 0,17 
0,042 0,18 2,91 0,16 
0,10 0,18 3,00 0,15 
1,00 0,17 | 4,00 0,14 
1,50 OT ! 4,60 0,13 


* 
OBBIX Y@/JIbHBIX paMOaKTMBHOCTAX MperapaToB pacTBopHMocTb Y,Os nox 
eHCTBHEM H3yueHus Oombuleli sHepruuoT Y*° H3MeHAeTCA CHIbHEe, Kak STO 
-BHIHO Ha puc. 3. 
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MoxXHO BbICKa3aTb CuIeLyIOWMe MpekBapHTesbHbIe COOOparKeHHA O MeXa- 
Hu3Me HaOMOLaeMbIX ABJICHHI: B pesysbTaTe SMHCCHM B-YaCTHIL Ha MOBepX- 


% 
HOCTH TBepsoli tbasEt YoO2 OOpasyl0TcH TOUCIHbIe NONOKUTEIbUbIE 3apAMbI, KO- 
TOPbIe OKAa3bIBaIOT BOsfelicTBHe Ha OTPHIlaTeJIbHO 3apAxXKeH ible OH -rpynnpt 
HEMOJIHOCTbIO HOHH3UpoBaHHbIx Mouekys Y(OH)s B pactBope. Ilo sto mpu4unne 


Codepwanue 
903 6 me na 1002 Hy0 


Ydensxan paduoaxmubsocms 


Puc. 3. Bananue sHeprun B-u3nyuenua Ha pacTBOpH- 

MOCTb IIpelapaTOB OKHCH HTTpHA B BORe npH 25°. 1 — 

mpenapaT, cogepxamun Y*!; 2 — mpenapar, cofepxa- 
mui Y % 


HPOMCXOAMT MOHWKeHHe PaCTBOPHMOCTH THAPOOKHCH HTTPpHA B MpPHCyTCTBHH 
pauoakTHBHBIx u30ToM0B Y*? wna Y*'. Korga smuccua f-4acTHI, WOcTuraer 
HeKOTOPOrO BbICOKOrO YPOBHA, B pacTBope, MOA BAMAHHeM OomMOapsMpoBKu 
QJIEKTPOHAMH, YCHJIMBalOTCA MOHH3aNHOHHbIe ABJeHMA, B TOM HHCJIe, T0- 
BUUMOMy, AuccolMalua Mosekya Y(OH)s. OrrankuBaHue HoHoB Y?* oT Mos0- 
MKUTCNIbHO 3apAKeHHOH MOBepXHOCTH ocayka Y.Os JOJKHO TIPHBOAMTb K yBe- 
JAMYCHHIO PaCTBOPHMOCTH MpenapaTOB THApOOKUCH HTTPHA, HMCIOULHX BbICOKYIO 
YACIbHY!O PalWOaKTHBHOCTh. ’ 

TombKo B CJIy¥ae BeCbMa HH3KOH YebHOH pasHoaKTHBHOCTH OOpa3siloB 
Y.Os (menee 0,1 mCu/r) mpucytcTBHe payvoaKTMBHOrO H30TOMa He OKa3bIBaeT 
BIMAHHA HA PaCTBOPHMOCTb COoeMHeHHA. 


Uuctutyt cusnueckol XHMHH Tocrynusto 
Axajemun HaykK CCCP 31 J 1961 


LHTHPOBAHHAA JIATEPATYPA 


4 Buxt. HW. Cnounmunu, E.A. TopueunKosa, U.H. [aasaKosa, JIAH, 132, 
643 (1960). 2 Buxtr. H. Cnunuunu, H.T. MomanuncKkaa, JAH, 133, 859 (1960). 
*W. Busch, Zs. anorg. u. allgem. Chem., 161, 161 (1927). 
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XHMH#F 


tO. 4. PHAJIKOB 


O NIPHPOJLE S-OBPASHbIX JWAPPAMM BSA3KOCTH XBOMHbIX 
CHCTEM 


(ITpedcmaeaeno axademuxom H. B, Tananaesoim 26 XII 160) 


Kaaccupukallua W30TepM Bs3KOCTH 2%KUKUX cucTem (!) OGbeqMHAeT yeTHIpPE 
OCHOBHBIX THMa AuarpamM. Tun I — sto u30TepMbI, BbIIyKJIble K OCH CccTaBa 
(WaCTHBIM cayual — KpwBble C MHHHMyMcM). CorsacHo oC€mlenpHHATCH Tpak- 
TOBKe TaKUX JMarpamMM, NOJOOHbIe H3CTEPMb! He OTPaKaloT B3AMMOEUCTBUA Me- 
*KLy KomMMoHeHTamu. Tun I] — sto uscTepmbl C MaKCHMYMOM BA3KCCTH (K STOMY 
THY OTHOCATCA HU CpaBHHTeJIbHO PeAKO BCTPEUAICHIHECA M3OTEPMBI, BbIMYKJIbIe 
OT OCH COcTaBa, HO He MMerollMe 9KCTpeMaJIbHBIX ToueK). Tun II] — guarpam- 
MbI BASKOCTH C CHHryJApHOH TouKOl. WM, Hakoney, IV Tun — 9To AMarpaMMb! 
c S-o6pa3HbiMv H380TepMaMH. 

JimMarpamMbl Ba3KocTH Cc S-cOpa3sHbIMH H30TePMaMH 3aHHMAaIOT OCO6Ce MeCcTO 
10 CPaBHEHHI0 C OCTAJIbHbIMH THNAaMH H3oTepM. B TO BpeMA Kak NepBblIe TPH TH- 
1a Ja¥OT BO3MOXKHCCTb BbIBOAHTb KayeCTBeHHOe CyKeHne O CTeNeHH XUMNUEC- 
KOrO B3aMMOJeHcTBHA (KOTOpan yBemHuuBaeTca oT Tuna | k III), TpaktoBKa S- 
OOpasHbIX H30TepM Bcerjla OrpaHH4HBaeTcA JIMMIb KOHCTaTalNen tbakTa XHMMUEC- 
KOTO B3aHMOJIeHCTBHA Me2K Jy KOMMOHCHTAMH CHCTEMBI. 

Bnepsple aHanu3 S-o6pasHbix H30TepM BASKOCTH Obi TpoBeseH M. VM. Yea- 
HOBHYeM (7,°), KOTOPHI MoKa3am, uTo S-cOpasHble u380TepMbl Mp NOHHKeHHH 
TemnepaTypbl He COslaqaioT TeHJeHWHeH K Tepexojly B KpHBbIe C MaKCHMYMOM. 
B page cnyuaep S-o6pa3ubie H30TepMbi ObIIH peaM30BaHbI Jake Tonka, Kora 
cucTeMa HCCeMOBaacb B MepeoxJaxKJeHHOM COCTOAHHM — HWKe TemMlepatypbi 
KPHCTaIH3alHH oOpasyrollierccen coequHenusA. CormacHo TomKoBanHuio M. VM. 
YcaHosuya, S-o6pa3Hble H30TepMbI BASKOCTH peaJIM3yIOTCA Tora, KOra BAS- 
KOCTb OOpa3yiolllerocA CoeHHEHHA S3aHHMaeT MIpOMexKYTOUHOe 3HAaYeHHe Me*Ky 
BASKOCTAMH HCXOJHbIX KOMIOHCHTOB. 

OnpejleseHHe B3avMOOTHOIUeHHA S-oOpasHbIxX [MarpaMM BSASKOCTH C AMarpam- 
MaMM TpeX Jpyrux THMOB MOXET ObITb NOyYeHO Mp CpaBHeHHM BASKOCTH papa 
JBOHHBIX CHCTeM, re OAH UM TOT Ke KOMNOHeHT (A) pearupyetc Apyrumu (B,C), 
aKTMBHOCTb KOTOPbIX MO OTHOWeHHIO K HeMy yCTaHOBsIeHa He3aBNCMMbIMH Me- 
Tomamu. Hwxe npuBoNTcH HeCKOJbKO TaKHX PAOB, B KOTOPbIX OHA M3 [Ma- 
rpaMM sABsseTcaA S-oOpasHon. 

B pamy yKcycHas KucsloTa — KucoTbI (Ta6n. 1) cremeHb XMMMYeCKOrO B3ah- 
MOJCHCTBHA YMeHbIMaeTCA OT CHCTeMbI C XJIOPHOM KHCOTOM K CUCTeMe C MponHo- 
HOBOH KHCHoTOH. Kak noKka3anu uccuefqopanusa M. 1. YcaHosuua c cortp. (,°), 
yKcycHad KUCNOTa IIpOABIAeT BO BCeX STHX CHCTEMAX, 3a HCKJINGeHHeM MocNes- 
Hei, OCHOBHYy!O (byHKILHIO. 

Ilo oTHOWIeHHIO K XJOPHOM KuCMOTe OOMbINMHCTBO KUCJIOT, 3a HCKJIOYeHHeM 
CepHOM HW TpHXJIOpyKCyCHOli, MpOABIAeT YeTKO BbIparKeHHYIO OCHOBHY!O PyHK- 
unto (41-18), Tlostomy B psy X0pHaa KucOTa — KuCOTHI (TAG. 1) cTeNeHb xu-. 
MMYeCKOFO B3aHMOJEHCTBUA YBeMUNBAeTCA OT CHCTEMbI C CepHOH KUCJOTOH 
K CHcTeme C BOJlOH. 

CooTBeTCTBeHHO CTeNeHH XHMUYeCKOFO B3aHMOJeCHCTBUA B 9THX JBYX pasa 
H3MCHAeCTCA OTHOCHTEJIbHbI MAKCHMYM BA3KOCTH (OTHOWIeHHe MaKCHMYyMa B&A3- 
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Ta6auna 1 


Bropott Co6cTBeHHaa Benuuuna Maxcu-| OTHOcuTenbubIit % 
KOMNOHeHT BASKOCTbh BTOPOTO| yma BASKOCTH MaKCHMyM CTOUHHK 
KOMMOHeHTa, Cn BASKOCTH 


Ba38KOCTb CHCTEM PARA yKCYCHaAA KUCAOTA— 
KHCMOTH Mpu 25° 


HCIO, 0,795 * 42,0 52,8 (4) 
HoSO4 PE AV 110,16 HD (8) 
HNOg 0,82 1,874 2 Ads) (7) 
HsPO, 164,7 244,8 1,49 (8) 
CH,CICOOH S-o6pa3Han u30Tepma (9) 
C,H;COOH Visorepma, BbIflyKlaf K OCH cocTaBa (29) 


BasKkocTb CHcCTe€M pxAMa XNOpHAA KUCHOTA—- 
KHCAOTH mpH 90° 


HHoSO, Mso0TepMa, BbINyKaa K OCH cocTaBa (71) 
CClsCOOH To xe (CE) 
CHCl,COOH S-o6pa3Haa v30Tepma (28) 
CH,CICOOH aoe B00 1,65 (25) 
CH3;COOH 0,742 | 12,68 ied (A) 
H,O 0,549 BL Sih 58,2 Pt (26) 
BASKOCTb CHCTCM pHa MOHOXNOPyYKCyYCcCHaAH KUCAOTA — 
KHCTOTH mpu 60° 

HC1O4 0,55 2,44 4,0 qu), 
H»SO4 9,30 LOK2 (ha (4) 
f1NOs Visorepma, BbIllyKIad K OCH CcocTaBa ~ (Es) 
CHsCOOH S-o6pa3Haa H3s0TepMa 9 


CsH,OH 2,521 | 2,527 | 1,0 (18) 


* TIo qaHHbIm (°). 
** Tlo jaHHEIM (14), 


KOCTH K BeJIMUHHE BASKOCTH BTOPOTO KOMMOHeEHTA KaKMOM CHCTeEMbI COOTBETCT- 
Bylollero pxfa). OTHOCHTeIbHbIN MaKCHMYM BA3KOCTH, YAHTHIBAIOWLMM BJIMAHHE 
Ha BeJIMMHHY MaKCHMyMa COOCTBEHHOH BA3KOCTH BTOPOrO KOMMOHeHTA KaxKOn 
CHCTeMbI COOTBETCTBYIOWeroO pxAa, BBOAHTCA B JaHHOM CJlyuae Kak BeJIH4HHa, 
KOTOPaA XOPOLIO HJIJIIOCTpHpyeT KavecTBeHHOe H3MCHeCHHe CTeNeCHH XHMMHYeCKOTO 
B3aHMOJenCTBUA B JBOHHOM cucTeme (}°). 

M3 annpix Tab. | BAHO, 4TO CucTeMbI Cc S-oOpa3HbIMH H3OTepMaMH ABJIA- 
(OTCAH Me€peXOMHbIMH OT CHCTeM C XOPOLIO BbIPaxKeHHbIM B3AHMOJeCHCTBHeEM K CH- 
CTeMaM, Tle H3OTEPMbl BASKOCTH He OTParKaloT B3AaMMOACHCTBUA Me*K]y KOMIO- 
deHTamu. Analoru4uad KapTuHa HaGmosaerca B PANY XMOpyKcycHad KUCIOoTa — 
kucOTbI. Ilo oOTHOWeHHIO K CHJIbHbIM KHCOTaM — xXJIOpHOH H cepHoh — 
XJIOPYKCyCHaA KUCIOTA HrpaeT POJIb OCHOBAHHA, YTO MPHBOANT K B3aHMOeH 
CTBHIO, OTparKalouleMycA Ha AWMarpaMMax BsxA3KOcTH. C Oomee cna6ol KuCIO- 
ToH — asoTHOH — xJIOopyKcycHasd KMWCMOTa yxKe He B3aMMOMelicTByeT, 1H60 
B3aUMOJeHCTByeT B TAKOH He3HAYHTebHOH CTeMeHH, YTO 93TO He HAXOMUT OTPa- 
*KeHHA Ha MarpaMMax BA3KOCTH. B cucTeMax C yKCyCHOH KHCJIOTOH H PeHOJIOM 
AIDOHMCXOJUT OOpaltenue yHKILMH; XJIOpyKcycHad KuCOTa MpOABAAeT CBOU 
KHCJIOTHbIe CBOHMCTBA. COOTBeTCTBEHHO 3TOMY CTeMeHb XHMMYeCKOrO B3aHMOseH- 
CTBUA PacTeT MO Mepe OCNaOeHHA KHCJIOTHBIX CBOHCTB BTOPbIX KOMIIOHEHTOB, 
T. €. OT YKCyCHOM KHCJIOTHI K eHouy. 

V1 B 9ToM ciryuae S-o6pa3Hble MarpaMMbl BASKOCTH MOABJAIOTCA KAK IIpoMe-— 
MKYTOUHAA CTYMeHb Me*Ky CHCTeEMaMH C XOPOUID BbIPAaKeHHbIM XUMH4CCKHM B3aH- 
MOeCHCTBUeM K CHCTeMaM, Pe B3aHMOselicTBHe He MpoTeKaeT BOBCe, M60 MposAB- 
AACTCH B BeCbMa HeC3HAUHTeIbHOM CTeMeHH. 

IIpomexkytTounoe momoxK2HHe AuarpamMm c S-o6pa3HbimMu M30TepMaMM YeTKO 
AJJOCTpHpyeTCA TakxKe HW APyrHMy pAaMA, aHaJOrH4HbIMA MpHBeyeHHbIM BbILTe 
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(HHKOTHH — XJIOPIpOusBOAHbIe yreBoJoposoB, coxKHEIe sbupbl — yKcycHas 
KHCJIOTa H Jp.). 


HakoneHHblii K HaCTOAUeMy BpeMeHM OOWIMPHEIi 3KcCHepHMeHTAIbHBI Ma- 
TepHaJI MO JHarpaMMaM BASKOCTH JBOMHbIX %KHKHX CHCTEM He OCTABJIACT COMHE- 
HHH B TOM, 4TO XHMHYeCKOe B3aHMOselicTBHe, mpoTeKaroulee mo cxeme A + B = 
= AB, Bcerjfla cBa3aHo Cc yBemM4eHHeM Ba3KocTh. B cBeTe aTOro CuleLyeT CUHTATS, 
—4To S-o6pasHble QuarpaMMb BA3KOCTH peaJH3yIOoTCA B TeX cyyatx, Kora 
BASKOCTH HCXOMHbIX KOMIOHEHTOB 3aMeTHO pa3HATCA Apyr OT Apyra, a KOJH- 
 YeCTBO OOpasyrolllerocA COeqHHEHHA HeZOCTATOUHO, YTOObI MPeBLICHTb BASKOCTH 
_ Oojlee BA3KOrO KOMMOHeHTA. 

) Takum o6pa3oM, MpoABsIAeTCA reHeTHYeCKaA CBA3b MarpaMM C H3OTepMaMH, 
BBIITYKJIBIMH K OCH COCTaBa, H WHarpaMM C M&KCHMYMOM BS3KOCTH —CB&3b, 
B KOTOPOH S-oOpasHble H30TEPMEI ABJIAIOTCA MIPOMeXKYTOUHBIM 3BeEHOM. 


Krescekuit TlocrynH.10 
NOJHTCXHHYeCKHH HHCTHTYT 21 XII 1960 
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XHMHA 
3. @ULIEP u snen-Koppecnonyent AH CCCP A. JI. NETPOB 


B3AMMOJEMCTBME MPH BbICOKHX TEMIMEPATYPAX 
TPHAPHJICHJIAHOB C AJ JIMJIXJIOPHIOM, XJLIOP- 
VW n-ATUXJIOPBEHSOJIAMU 


HeqaBHo HaiijleHHad peaKUMA OOpas0BaHHaA HOBOH eee Si —C OG6piia 


we 


HuSyyeHa Ha TIpHMepe BbICOKOTeMMepaTy pHOU KOHJICHCAUNH aAJIKEHYJIXJIOPHAOB © 


HW XJopOeH30a C amMcbaTHyecKHMM MOHOrMApHyACcHanHammH ('). Belo noKa3aHo, 
4TO IPH KOHJeHcCauHH xopucToro BuHUAa c HSiCls Bpixogb gocTura‘oT 60— 
80%; OHM CHMXKaIOTCH Jo 40—50% B cayuae CHsHSiCl, u maga go 0 B cay- 
yae (C,H;),SiH (7). O6nrmmHo peakiMA MpoTeKaeT 110 cxeme (I): 


CHa (CHs = CH) SiCls + HCI (1) 


CES ae ae CR CE (2) 


(1) 


T. €. OHOBPeMeHHO C KOHJeHCallvel WeT TakxKe H NOOOUHAA peakWMA BOCCTa- 
HOBJICHHA, KOTOpand B cayuae (C;H;),SiH cranoButca riaBHoH. 
Ilo ananoruunon cxeme (II) npoxcauT H peakuHA c xscpCeH3OJIOM: 


1Ul3 —- Geligul — 


II 
NSIC 42 Orie (2) a) 


Ilo HanpaBnenvio | (KoHeHCalHH) 3Ta peakiua ugeT Ha 40—50%. 
Ha ocCHOBaHHH TIpHBeeHHbIX pe3yJIbTaTOB MOXKHO ObIIO NOMaraTb, ATO AWA 


oOpasoBaHHA CBA3H +si—c— HeOOXOJHUMO HaIM4ve y aTOMa KPeMHHA OTPHa- 


TeJIbHOrO 3amecTHTessA. Ilo cBceH SIeKTPCOTPHUATebHOCTH APHJIbHbIe payuKaJbl 
3aHUMAIOT CpefHee NOOKeHHE MEKILy aJKWaMH WH aTOMaMH rasousa. Ilostomy 
MbI HW PeLIHJIH H3Y4HTb B HACTOALIEM KCCI€OBAHHM BO3MOKHCCTH BLICOKOTeMIe- 
paTypHOHW KCHJeHCaLHH Kak C aJMJIXICpHAOM, TaK Hc PeHuNXNOpHAaMu TpH- 
apvuicuaHoB. B cayuae ycnexa, HanpumMep STOH MocmeqHeH peaKIWH, NyTb 
K CHHTe3y TeETPpaapHCHaHOB 3Ha4UTeELHO ynpccTHaca 6b. Jlo HacTosmero 
BPe€MEHH 3TH TlocNeqHHe NOJyYaNuch TOMbKO MO CXeMaM MeTaJIOOpraHHyec- 
Koro CHHTe3a, HanpkHMep mo cxeme TumbmMaHa wu Musnep (°): 


4C1CgHaLi -P Si (OC3H35)4 me Si €CeHaCl)s + 4C,H;0Li. (IIT) 


Kak NOKa3aHO HYKe, B SKCIEPMMEHTAJIbHOM 4aCTH, Halli OXKHTaHHA B3HAa- 
YHTeIbHOK CTeNeHH ONpaBAanuch. B oTAMUNe OT TpHaNKHJICHIAHOB, COBepiieH- 
HO He BCTYMAICIIMX B peaKUMIO KOHJCHCAaLMH, TpHapHJICHIaHbl BCTYNatoT B peak- 
IHIO KOHJCHCalMH TIO TOM %e YKa3aHHOHW BbMle CxeMme: 


AtsSiCH — CH=CH:+ HCI 
Nar,SiCl + CH,CH = CH, 


MccneqoBaHubie TpHapHWJICHIaHbl B NOpATKe pocTa BbIXOJOB MNpOAYKTOB Ux 
KOHJICHCANMH C aJIKeHHJIraloreHuyamMu pacnoMO#RKHIHCh B PAT: 


(CHsCeHa)3 SiH < (CeHz)3 SiH < (CICgH,)3SiH. 
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Hjanubie Tab. 1 cBujeren_cTByloT 0 ToM, TO 10 3JCKTPOOTPHILAaTeJIbHOCTH 
rpynn XsSi — usyyenHble HaMH TpHapusCHAHbI JelicTBUTebHO CTOAT MexKILy 
HSiCls, faioujum HavGouee BbICOKHe BEIXOJbI MpOLyKTOB KOHJeHcalMH, 
HSi(C;H;)s, KoTopplit copcem ux He oOpasyer. OgnaKo 3nayenna 3JIEKTPO- 
OTPHILATEIBHOCTH JIA BC€X USYYCHHEIX APHJICHIaHOB O4eHb O/IM3KH, B TO BpeMs 
KaK BbIXOJ[bI MPOAYKTOB KOHJeHCallnH 
peskO pa3iMuHbI. OueBusHO, YTO N0- , 
MUMO 3JIEKTPOOTPULLaTebHOCTH rpynn IMEKTPOOTpHuaTeAbHOCTh rpynn XsSi B 
X3Si — BbIXOX NpOAyKTOB KOHJeHCa- ee ee 
WMH OMpeseiAeTCA TakoKe HV JIpyrumn 


Tao6Onuna 1 


(akTOpaMH, OWe€HKa KOTOPbIX JoO/K- 5 KomeOatenb- pits 
Ha CTaTb fpesMeTom jJasbueiunx ni teRT seebase| Veh Roe 
ucceqOBaHuilt. va b 
VMutepecuble pe3yibTaTbl Onlin (CiCsH,)9SiH | ws tas 
MOJYYeHbI B peak B - Se : ; 
y ee OFS (CoH sai 2126 2,10 


paTypHOW KoHAeHCalMM TpH-(xMOpde- (CH, —CyHy)gSih | 2135 2 
HWJI)-CHlaHa C f-HxXOp6eH30I0M, CI,SiH (°) an pee Diu 
TposoguBwelica mp 630°. Peaxuua (CeHs)sSilt (*) | 4 A0seuie 2, 
_ WpotTeKaia 37ecb No Oouee cO*KHOM 

_cxeme (V), KoTopad MoxeT ObITb MpemcTaBeHa CJIeAyIOIMMU ypaBHeHHAMH: 


\— a) (CICgHa)a Si-+ HC! 17% 
(CICsHg)3SiH +- ClCgHyCl | 6) (CICgHa)s SiC] + CICgsHs 12% (V) 
—B) [(ClCgH,)s Si]2 CsHg + 2HCI > 20% 


CHHTe3 MpOBOAMICA B KBaplleBo TpyOKe AHameTpom B 20 MM, MOMeLIeHHOL 
-B QJIEKTpHyeckyio neub. Tpy6Ka nepe HauasiOM OMbITa 3aNOHANAaCb a30TOM,. 
KOTOPbId MpolycKasca WM BO BpeMs ombiTa co cKopocTb1o 2 cm®/cex. IIpoxyktei 
peaKUHH yNaBIMBaIHch B JOBYIUKe, OxXaKaBlelica WO —20°. 3a NOByWIKOH 
mometaica adcop6ep c 0,1 N NaOH. IIccu1e kaxkgJoro onbita THTPOBaHHeM onpe- 
Je@NANIOCb KOJIMYECTBO BbiZeIABUIeicA HCl. 

Hcxogubie TpuapusicuaHbl CHHTe3HpoBasHCb NO peakuuam [punpsapa. 

A. B83aumMogeticTBue TPU-N-XHAOPHewnnAcuAana 
c XIOpPHCTHM aaauaom. IIpu ontHManbHOn TemnepaType peakiun,. 
KOTOpad 3feCb OKa3aacb paBHolt 580°, yaanocb BbIIeIHTb C BbIxogom 42% 
JWIb OAMH KpHCTammMyecKui MpozykT c T. na. 112°. 


Hanneno +: © 62,18; E4529; Si 7,01; Cl265388 
(CICgH4)gSiCH, — CH = CHe. Brmucneno %: C 62,42; H 4,24; Si 6,95; Cl 26,33 


Ilo Tutposanuio HC] 6piio onpexeneno cosepxKanHne B MposykKTax peakuuH 
B KosHUecTBe 6% — (CIC,Ha)sSiCl. 

B. B8aumMogelicTBuUe TPH-N-TOANACHMAHA C€ X0O- 
pucTHM aaauaom. IIpu 580° Obl0 BHIZemeHO ABa KPHCTaM4YeCKUX 
mpoxykta. M3 netponetuoro supa Opi BbIZeseH B KOMUeCTBe 32% KpHcTas- 
wmuecKH mpokyKT c T. mi. 116—117°. 


Hatimeno %: C 74,68; H 6,22; Si 8,4; Cl 10,38 
(CHsCeH,z)3SiCl. Briuncneno %: C 74,85; H 6,25; Si 8,33; Cl 10,52 


TputTomunannuacunan (B KojmM¥eCcTBe OKOIO 5%) Obi BbIeIeH MepBoHa- 
_ YaJIbHO B BHe TPyAHOKpHCTasIM3yloulerocsA Maca, KOTOpoe G6bIIO NOABeprHyTo 
_ meperonke. Ilocne o6pa6oTku neTpomeHHbim scupom c T. Kun. 30—50° ono 
_/MmpespaTHsocb B MpospauHble oKTaszppl c T. na. 114°, 


Hatigeno %: C 84,12; H 7,69; Si 8,2 
(CH3CsHa)3 SiCHs — CH = CHy. Brryucneno %: C 84,14; H 7,65; Si 8,2 
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B. B3auyMoxevwHcTBHe THPHAPHACHMAHOB C rawdoHuZ- 
6eH302aMM. a) Peakuua c x10p6eH300M. Kak H B cayuae 
ANIKeHMJIPaJIOreHHJOB, PeaKILMA, Kak OPKHMANOCh, MOMAKHA Oblla Obl MpOTeKaTb 
B TOM WIM HHO CTeMeHH M B CTOPOHY KOHJeHCallMu, HM B CTOPOHY BOCCTAaHOB- 
JI@HHSA 
ARsSiCoHs + HC! 


VI 
NRISiGh- GH we 


R3SiH + CsH;Cl — 


-OnTuMaIbHOH TemnepaTy pol KOHJeHCaLLMH B CJlyuae apHJITaOreHHJOB OKAa3aJIOCb 
630°. TIpu KoHseHcalHu TpHTOMMICHIaHa TpHTOMMMeHHICHIaH OOpasoBaica — 
B KoulHyuectBe Bcero 2%. TpuTomMAXxOpcHsaH Obl MOTy4eH C BbIXOJOM B 42%. 
Ilpu KOnJeHCallHM TpH-n-xOpeHMcHana ObLIM NOyYeHb! TpH-1-xOppenus- 
xslopcuaH c T. mt. 108—112° c Bprxogom B 14% (skcTpaki{HeH MeTponenHEIM 
aHpom) uM TpH-n-xnophenuenuicuan cT. ni. 134° c BeIxOJoM B 19% (aKc- 
TpakuMel GexH2ouom). Tocne BpieneHuA yKasaHHbIxX IBYX COe€AMHHEHHM OCTAaJICA 
elle BbICOKOMMaBKHA MpOMyKT c T. na. 258—262° (mepeKpucTaniusalna U3 
ropsuero OeH30u1a). Ilo mou. Becy (HaliqeHo 710—730, BbruncneHo 732) u dule- 
MeHTapHOMY aHaJIH3y OH OTBeYa MposyKTy cocTaBa Si,sClaCy.Hy59. Mbt mpezno- 
JlaraeM, YTO 9TOT MpOAYKT OOpasoBaicA BCecTBHe 2-KpaTHOH KOHAeHCallHH — 
HM BOCCTAHOBJICEHHA TO CXeMe: | 


(CIGLH,)s Sill ass (CsHiCl)p> HCl 4-(C1C.Hi)p Sta 5 (CsHiCl). (A) 


H H 


A + CoHsCl — (CICsHa)3SiCeHaSi (CsHs)(CsHaCl)2B + HCI 
B -- HSi (CsH.Cl)g = CISi (CaH,Cl)s + (ClCgHa)o (Cole) St (Cell Si (Cig (Get LCi 


6) PeakuuavA c n-AUXN0p6enH302 0M. M3 nposyKTos peakunn, 
MpOTeKaBlueH NO TpHBeseHHOH cxeme (V), Tpu-n-xopdeHuXNOpCHaH C T. TI. 
110—112° u Bbixoqom B 12% Onin BbIqemeH SKCTpakuMeH MeTpomeiHEIM 3cu- 
pom. Ilocne storo skcTpakuveli OeH30JI0M Obl] BbIMeIeH TeTpa-n-xopeHus- 
cwuiaH c T. mi. 180° u BbIxofom B 17%. B sto peakWHM BbIqenus0cb B 3 pasa 
Soubluee KOMYeCTBO HCl, uem orxkHaocb NO peakiHH a). Kpome Toro, mocae 
9KCTPaKUMM TeTpa--xXJIOpPeHHJICHlaHa OCTAJICA BbICOKOMOJICKYJAPHbIH mpo- 
AYKT C T. nw. 263—269°. StoT mpoyKT MpescTaBsA Cco6oI0 riaBHbIM O6pasom | 
Ouc-(TpH-N-xOpeHWICHIH)-OeH301, MoOyYMBUIMHca MO ypaBHeHuio Cc). O6 | 
3TOM CBHJeTeIbCTByeT aHaiH3. Jina SisCleCyHsg Mom. Bec BbIuNCHeH 801, | 
Haugen 780. 


Halineno %: C 63,48; H 4,14; Si 7,8; Cl 24,2 
Buuncneno %: C 62,90; H 3,52; Si 7,1; Cl 26,5 


MocKOBCKHH XHMHKO-TexXHOJIOrH4eCKHM MHCTHTYT TMocrynasc 
uM. JI. UW. Menyeneesa 14 I 1961 
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: Hoxaagn Akagemun nayrxr CCCP 
3 1961. Tom 138, Ne 1 


PHSHTECKAA XHMHA 


B. M. BAPBOH, 10. M. PJIASMAH u H. M. JbIKMAH 


ai 
: 0 KOAT YJIMPYFOWWEM JEUCTBHNM CMECEH 3JIEKTPOJINTOB 
‘ JIM“O®OBHDIE 3SOJIM. BJIVSAHUHE AJICOPBLLUWH MPOTHABOHOHOB 


:h (I]pedcmaéaexo axademuxom IT. A. Pe6undepom 20 XII 1960) 


BJIGHHH Ha 3AKOHOMePHOCTH KoaryJIAUHH MMOMOGHbIX KOJJIOHZOB CMeCAMH 
JIEKTPOMTOB. B 9sToM paOoTe MbI HCCeLyeM OHH 3 TpeseMbHbIX CJTy4aeB 
OaryAWMM: Kora BCIeACTBHeE acOpOWMH MpOTHBOMOHOB MOTeHIUMa KOJIMOUL- 
biX YaCTHI, MOHM2KaeTCA Tak CHJIbHO, YTO CTAHOBHTCA MpPHMeHHMBbIM BbIparxkKeHHe 
iad KPHTepHA ycTOH4MBOCTH c1a60 3apsAxKeHHbIX 307IeH (*) 


\ Hacrosujee coo6ujenne, B oTMUNe OT Npesbiymux (1,2), re paccMaTpuBaJIuCcb 
= SAP SDKEHHbIe€ 3OJIM, MOCBALICHO BbIACHeHHIO BHAHUA afCOpOMHOHHBIX 
H 


1p? /% > a, = const. (1) 


“Saecb % — OOpaTHadA TOUIMHa HOHHOM aTMocdepbi B pacTBOpe; pa — paccMaT- 
)MBaeTCA HAMM KaK MOTeHIHaJI Ha rpaHHlle alCopOWMMOHHOrO COA KOJJIOUJHBIX 
“aacTull. 

Jia yMpouleHua pacueTOB BBOJMTCA pA MonmyuleHHH: 

1. UacrwuHad KOHIUeHTpaluA KOJJIOHZHOH CHCTeMbl IipeqmomaraeTca Ha- 
‘CTOMbKO MaJIOH, 4TO JOMONHHTeIbHaAA ALCOPOUHA OMPeeAIOWIMX MOTeHWMAaI 
MOHOB, MpOMCXoAAUlad Mp BBEACHUM B 30/Ib HHAMdpepeHTHIX 3/IeEKTPOMHTOB 
©, IipakTH4ecKH He H3Me€HACT HX KOHICHTPalHu B pacTBope. BuaroqapsA STOMy 
Mp oOaBeHHH KOAarYJIMPYIOWMX JJICKTPOJIMTOB BeIMYMHA MOTeCHI[Masa wp, Ha 
MOBepXHOCTH JUCHepcHol cbasbl ocTaeTCA MocTOAHHOI. 

) 2. Ilpuuumaetca, uTo afcopOuvA HOHOB KOAaryJIMPy!OUlMX 93JICEKTPOJIHTOB 
ae a mpocteiiiemy ypaBHenuio JIsHrmiopa 

by. : 

e egos & 


C,/6, 
Lay SC 10) 
i eS 
me I — ajlcop6uua i-ro HOHa H3 CMeCH 9JIEKTpOJHTOB*, C;’— KOHMeHTpallus 
i-ro woHa B pacrBope; b; u [..— KOHCTaHTbI ypaBHenua JIsHrMiopa. 
_ Jlanee yuntTpipaeTca TOMbKO acopOWMA MpOTHBOHOHOB UH He MpHHuMaeTca 
40 BHUMaHHe afcopOmuua uHAudpepeHTHbIX HOHOB, 3apAXKeHHbIX OJHOHMCHHO 
® KOAMOMIHBIMM YacTuaMH (°,°). 
_ 3. B kauecTBe nepporo mpvOnmKeHUA MocTyMpyetcx, 4uTO moTenunan V, 
a rpaHune afcopOmMoHHoro COA U3MeHAeTCA JIMHEHHO C BeJIMYHHOH acopo- 
(MM KOaryMpyrollwux MOHOB ameKTpouuTa [ 


' Wa — Wo — RVzZ, (3) 


% 
tt 
SS 


=e 


* Snecb H B JaJbHeliliem BCe BeHUMHbI, OTMCYeHHIe LirpHXOM, OTHOCATCA K TOMY CJIyualo, 
ra KOaryAAUNA OCYMIECTBIAeTCA CMECbIO BWICKTPUJIHTOB; OTCYTCTBHE LITPUXOB COOTBETCTByeT 
aryIAWHH HHAMBHAyabHbIMH 9eCKTPOMNTAaMH. 
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rae Z — BaJICeHTHOCTb NPOTHBOHHOB Hk — NOCTOAHHAA Ip JaHHOW MOHHOM cua 
pacTBopa. | 

O6o3HauaA IJIOTHOCTH 3uIeEKTPHYeCKHX 3apAOB B IICKTPOHHbIX eMHUILAa? 
(noce NpuOaBeHHA KOaryAUpyrollero BeKTPOMMTA K 3OMIO) Ha rpaHule af 
COpOMHOHHOrO CJIOA H, COOTBETCTBEHHO, Ha MOBepXHOCTH JMcnepcHon case 
gepes Q., H Qo, MOoKeM, OYEBHAHO, HaNWCaTb paBeHCTBO 


On yet (4) 


Ecam yuectb, to npx Tz = Q, 2 = 0, To, BOCNONb30BaBLIMCb opmy} 
nwamu (3) u (4), mMerkO NoJy4HTb BbIpaKenHe 


Qa! Qy = Wal rho. 5 


Orcioda BbITeKaeT, ITO COOTHOUeHHe (3) SKBUBAJICHTHO JOMYUIEHHIO O He; 
Cyl €CTBEHHOM BJINAHHU afcopOuHH MpOTHBOHOHOB Ha BeJIMYHHY CEMKOCTH {BOH| 
HOrO JJ€KTPHYeCKOrO COA B IeJIOM. ! 

Tlockombky e€MKOCTb JBOMHOrO COA OOPaTHO MpONOpuvOHaTbHAa eFo TOU) 
WIHHe HIM payuycy WOHHOM aTMocdephi (1/x), KOTOpI, B CBOIO OYepeb, OOpa 
HO IIpONOpUHOHaeH KOPHIO KBalpaTHOMy M3 MOHHOHM cHIbI pacTBopa J (*), T 


Qo/ Wo = Q,/, = Oe hie (6 


re & — HeKoTOpad NocTOAHHAaRA. | 
B cilyyae KoaryJAUMN 30/1 CMeCbIO JBYX QI€KTPONHTOB co“eTaHHve paBeHl 
cTBa (1) c BbIpaxeHuamu (4) uw (6) naeT | 


re aie alae af | pe 
aD, (Jc) ae aa’? Grae =] re 21 + Doe 2a, ( 


re HHZeKC C 3eCcb HW Jaiee yKa3bIBaeT Ha «KPHTHYeCKHe» 3HAYeHUA COOTBET 
CTBYIOWLHX BeJIMYHH. 

IlomyueHHoe ypaBHeHHve iWedecoo6pasHO HeCKOJIbKO MpeoOpasosaTb. Jin! 
3TOrO 3alHINeM PaBeHCTEO (7) JIA KaxK Oro H3 paCCMATPHBAeMbIX IJIEKTPOMHTO 
B OTICJIbHOCTH HM ONPeeIMM 3HaYeHHA MOCTOAHHBIX aa’? H arp,. TloyctaBiasa Hall 
Il€HHbIe BbIPaxKeHHA B ypaBHeHHe (7), Nomy4yHM 


Cel toe) =F aie ee 
(Jie lon ee tals 


Chile 


Vie / BAe — Pye 21) / U6 2g) 
Wy0/ dee) Pay Vic / pee 


Ve A= Doe 22 


. (SJ Joch= 


Poo 22 


Ye B TaKOM Bue ypaBHeHne (8) MOxKHO HCHOMb30BaTb AIA pacueta KpHBO! 
KOaryJIMpyicllero JeHCTBUA CMeCH JIBYX 3JIEKTPOHTOB, CCIM H3BECTHbI KOAarydIy) 
PYICUHe KOHLEHTPalHu KaKAOPO U3 HHIMBULYANbHbIX ZICKTPOAMTOB HW afcop| 
Oupyemoctu (T. e. KoHcTaHTbI b; B ypaBHenun JIsHrmMiopa) OOoMX Koarysmupyio 
WHX HOHOB. Heo6xogumo, o2HakO, OTMeTHTb, UTO OOM XapakTep 3aKOHOMep 
HOCTeH KOaryJIMpyrollero eHCTBHA CMeCeH IJIEKTPOMHTOB MOXKHO yCTaHOBAT 


H He NpHOeraa K NomHOMy pacueTy KpuBoi. JLna aToro NocTaTOUHO OMpenenuT 
3HavYeHHA BeIHUMH | 


® = lim (dC) / (dC), 7 


C,=0 


F = lim (dC,) / (dC), 


C,=0 


XapaKTepu3yioulux Xo KPHBOH y ee KOHILOB. 
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an 
_ YpaBHenve (8) yaoOHee Audpepenuupowatb, ecan, BOCcnOMD3OBaBIUNCh 
tbopmysiamu (1), (4) u (6), mpuBectu ero k Buyy 


1K oe Tish 


| 1 plexus fat Ji Tp el nee 
| | ee 1 ie) a) i (9) 


(it — Kc) Ge i o> Ko) Ke 


| ie A 1 2¢ <2 


= const, (10) 


KOTOpOe MOyuaerca coueTaHHem pasBeHcTBa (1), npefcTaBleHHoro B BYE 
2 1, 

a = const- J ibe C BbIPaweHusamn (4) nu (6). He npuBosza 3fecb AOBO.IbHO rpomo3y- 

HX OPMy AIA MpesenoB mpon3sBoqHHx DY u F, OTMeTHM JIMUIb OHO BeECbMa 

» cyulecTBeHHoe oOcTosTebcTBo. B yKa3aHHble BbIPaKeHHA BXOAAT B KauyecTBe 


Pa3IM4HbIMH 3HaYeHHAMM MlayeHHA NOTeHWMala B acopOMmHOHHOM Coe AIA 
KaX%KJOTO U3 IEKTPOJINTOB B OTCJbHOCTH, MpeCTaBAeTCA BO3MOXKHBbIM BbIMHC- 
WIMTb 3HAYeHHA TpesesoB mpovsBosHyIx P u F. AlpopemeHHbie TaKHM MyTeM 
“pacueThI NoKa3aH, YTO BHIBEJeHHOe ypaBHeHHe OTpaxkaeT BCe OObIMHO HaGuIO- 
| Aaemble Ha OMbITe THIbI 3aKOHOMepHOCTeH KOaryJIAILHH JIMOMOOHBIX 30J1IeH CMe- 
| CAM 9JJIEKTPOJIMTOB — aHTaroHH3M, CBepxXaMTHBHOCTh MW CHHeprH3M. 

_ Uro6bt mpouspecTH MouHbIi pacuer Bceli KpHBOli KOarymMpytollero Jei- 
)\cTBHA CMeCH ABYX 9/eCKTPOJIMTOB, HeEOOXOAUMO pacioslaraTb aHHbIMU O 4HCJIO- 
' BbIX 3HaAYCHHAX YeTLIPeX HePeMeCHHEIX, BXOALLMX B COOTBeTCTBYIOINee ypaB- 
)uenve. M3 nux, ofnako,— B cuy cooTHoWweHHA (10) — TobKO TpemMaA BeuH- 
| 4HHaMM MOXKHO 3aflaBaTbCA NpousBOIbHO. UncnoBoe 3HayeHHe KOHCTAHTHI 
' B dopmyvie (10) MoxkHO OMeHHTb, HCXOAA U3 CMeLyIOULMX CooOpaxkenni. 
 Uncnutenb JeBol yacTH 3TOrO paBeHCTBa HMeeT MAKCHMYM IIpH 3HaYeHHH 
K = ?/;. Tlomaraa, 4To cpeqW 3eKTPOJINTOB C OHOBAJICEHTHLIMM KOaryJIMpy- 
OUMMMH MOHAMH HelpeMeHHO JOJIKeH BCTPeTHTbCA HM TaKOH, KOTOpBIN OyseT 
YOBNeTBOPATh ycnoBuio K = ?/3, HalijeM, 4TO B 9TOM CjTy4ae 


S/or 


r 


5 \ const = 


Ecau MCCJICNOBATb TOJIbKO TaKHe KOaryJIHWHOHHbIe ABJICHHA, pH KOTOPbIx 
'B KPHTHYCCKOM COCTOAHUU 30/1A 3alOJIHeHHe NOBePXHOCTH KOMMOMNHOU YaCTHIUbI 
_MpOTHBOHOHAMU OFrpaHHdenoO YCJIOBHeM 


iZ DP < 1/2 Poo (11) 
| ero NOJYUHM, 4TO 


BOllsbe Usa Sony (12) 


'  Jlerko y6equtpca, uTo ycnosue (11) cooTBeTcTByeT Koary/AUMH, KOTOpaH 
_ HacTyMaeT, Korfa B Mporecce oOaBJIeHHA S/IEKTPOJIHTa K 30/10 BeJIMYHHAa NO- 
“TeHUMaa KOJWIOMJHbIX “ACTH, YMeHbUWaeTCA MO HeKOTOporo (KpHTH4eCKOrO) 
3HAYeHHA, 3aBHCALero OT HOHHOM cHJIbl pacTBopa. B camMoM fleje, 43 COOTHO- 
_wienu (4) u (6) nonyyaetca cbopMy.a 


ia = Vy (iar) | (13) 


/BbIPaKalollad 3aBUCHMOCTb MOTeHI[Mala Ha rpaHuile afCopONMOHHOrO COA OT 
|) KOHWEHTpallau seKTpomHTa B pacTBope. AHaJI¥3 3TOrO ypaBHeHHA MOKaSbIBaeT, 
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uTO KpuBasl a= f(C) mpoxosuT vepe3 MHHUMYM, IO0/10%eHHE KOTOPOTO COOTBETCT-| 
ByeT KOHUeCHTpalluH 9lekTposuta C=b (puc. 1). CneqoBaTebHO, orpaHuyeHLe (11)| 
o3HayaeT, UTO MbI B JaHHOM padoTe HCCIeLyeM KOaryAILYIO TOJIbKO B OGAaCTH Ma-| 
qaomeli BeTBH KpHBOl puc. | — pH KOHWeHTpanuAx seKTpomMTOB Cb. 
Bauzy Toro, YTO BeIMYMHa Y, KaK BUHO M3 BbIpaxkenua (10), He 3aBHCHT OT| 
IpHpOsbl seKTpoMuTa, HepaBeHcTBo (12) ocTaeTca BCHIe As JIKOOBIX IJEKTPO- 
juToB. Bce pacueTbl KpHBbIX KOary.JMpyloulero JeiCTBHA PasIMYHbIX CMeCceh, 
QJIEKTPOJIMTOB MPOUSBOAMINCh HAMM MIpH 3HaveHHM y = */o7, MOCKOMbKy MpH 
y > 8/o7 3AKOHOMePHOCTH KOaryJIANLMH B Ka¥eCTBEHHOM OTHOIICHHM OCTAaIOTC#| 


HeH3MeCHHbIMH. 


{ 
1 
O Qt 025 1 10 2526750 75 ~~ 100 


Q5 = Q75 


Puce. 1, Msmenenwe mnoTeHivaa KOJIOMIHOH 

YaCTHILbI B 3ABHCHMOCTH OT KOHU@HTpallHi 3JIeK- 

TPOIHTa B pacTBOpe (MacuITa6 MO OcH aOcLHCC, 

HaunHad OT 3HaveHHA, paBHOrO eAHHHUe, YMeHb- 
mex B 100 pas) 


B pe3ysibTaTe MpOBeeHHbIX PpaCYeTOB YCTAHOBJICHO, YTO MOJIOMKUTEbHbIC OT— 
KJIOHCHAA OT aIMTHBHOCTH KOaryJMpyloulero AeMCTBUA (AaHTATOHH3M HIM CBepX- | 
aIMTHBHOCTb) JOJKHbI HM€Tb MeCTO B TeX CJlYYaAtX, KOra KpHTHYeCKHe 3Ha- | 
YeHHA HOHHOH CHJIbI pacTBoOpa WIA Kaxkoro H3 3JIEKTPOJIMTOB B OTJeJIbHOCTH 
CYINECTBeEHHO pasJINUaIOTCA Me*KLYy COOo; NO Mepe yBeJIMYeHHA STUX PasIMUNE 
BO3pacTaeT TeHeHILMA K Mepexoly CBepXaJMTHBHOCTM B aHTaroHH3M. CuHep- | 
CH3M MOKeT HaOOLAaTbCA JIMLb MPH YCJIOBMH, eCJIM BeEM4HHAa NOTCH Mala KOJI- | 
JIOMJHBIX YaCTHL, OCTATOUHO MaJla He TOJIbKO B KPHTHYeCKOM, HO H B HCXOJHOM 
COCTOAHHM 3018. Oco60 HeOOXOAHMO OTMETHTb, 4TO AHTAFOHH3M Tp Koary2- | 
HH JIMO*OGHHIX 30JleH OKA3bIBaeTCAH BO3MOXKHBIM Jake WU B TOM Cuyuae, Korga 
OJMH M3 MPOTHBOHOHOB, MpHuOaBJIeHHbIX K KOJIJIOMJJHOMY PaCTBOpy IJIEKTPOJH- | 
TOB, COBCeM He ajlcopOupyetca. CoBeplieHHO OUeBHAHO, 4TO 3f\eCb ABJIEHHe aH- 
TarOHH3Ma yxKe He CBA3aHO C B3aMMHbIM NOMaBeHHeM aCopOuMH KOaryJMpyw- | 
[HX HOHOB; OHO OOYCJIOBJICHO, BEPOATHO, TeM, YTO IPH HOOaBJICHHH 9JIEKTPO- | 
JJMTOB K 30J110, HapsAyy c alcopOunel MPpOTHBOHOHOB, MpOMCXOHT ele, KaK H3- | 
BecTHO (*), H JONOJHHTeIbHaH aycopOUuA MOHOB, OMpeseNAIOWAMx MOTeHIMa 
KOJJIOHHbIX YaCTHIL. 

ABTOpbl CUHTaIOT CBOMM [IPHATHBIM JOJITOM BbIpasvTb OslaroapHocTh 
w.-kopp. AH CCCP B.B. Jleparuny 3a kpuTuueckoe OOcyKJeHHE Pe3y/bTATOB VK 
pA, BeCbMa WeHHbIX 3aMeuaHHi. 


Kuescknii TexHoworuueckult HHCTHTYT Mocrynnsro 
HerKOH MpOMbIIlMWIeHHOCTH 17 XI 1960 


UMTHPOBAHHAS JIMTEPATYPA 


11O.M. [Taa3z3mau, HW.M. uKkman, JAH, 100, 299 (1955); Konn. xypu., 18, 
13 (1956). 2 10.M. [Tnaasman, UH. M. leKMan, BAY Crpemen on a, JAR 
117, 829 (1957); Kona. xypu., 20, 149 (1958). 3B. B. JLeparunu, Kon. xypu., 7, 
285 (1941); Trans. Farad. Soc., 36, 730 (1940). *10.M. Taasmau, 0.H. Crpaxe 
ckO H op., Kom. xypu., 21, 263 (1959). 5 1O.M. Taasmau, .H. Crpaxecxko, 
AWAH, 75, 411 (1950); 1O. M. Tnuasmae, 2H. Crpamecko bo. Laptrax ors 
¢kaa, Konan. xypu., 15, 161 (1953). €100M. Daasman, Jon. Ctpaxeéecxkos 
H.A. Bucukawaosa, MKypn. neopr. xum., 3, 115 (1958). *T. ®anpKeunraren, 
QnektTponnTy, JI., 1935, crp. 133. 
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Woxrsagn Akafqemun nayr CCCP 
1961. Tom 138, Ne 4 


PH3HYECKAAH XHMHA 


M. B. BYAKOB 


H30TEPMHYECKAS MEPEFOHKA B CHCTEME 
BOJHbIM TYMAH — TYMAH CJIABOTO PACTBOPA 


(IT pedcmasaexo axademuxom A. H. Bpymkuxnoim 20 XII 1960) 


\ 


B psxje BoMmpocos, CBASaHHBIX C H3y4YeHHeM CMecell paSHbIX TYM@HOB, HMeeT 
/BaxkHOe 3Ha4YeHHe KHHETHKAa MeperOHKH 3a CueT Pa3HOCTH KOHIeCHTpalluh HaCcbI- 
MeEHHOPO BOLAHOLO Mapa Hall KallJISMU TYMaHa pa3HbIX KOMMOHEHT. B wacTHocTH, 
“XOpOlIO H3y4¥eH BOMpoc O KHHeTHKe MeperoHKH C KaneweK BOLI Ha KpucTag- 
| JMKH Jbga (1-3). 

_ Ipeqmerom uactosieli 3ameTku ABIAeTCA M3yHeHHe MeperoHKH Cc KaneseKk 
BOJbI Ha KalliH caOoro pacTBopa. CucTema ypaBHeHHii, OMMCHIBAaIOIUX Mpowecc: 
“TleperouKy, MMeeT BHI 


dry Se as 
pin D (u — i), 

drs : 
Hof ——_ — 2), ] 
para D (u — ue) (1) 


S + 4nDniri (u —u,) + 40Dnere (u — uz) = 0, 


Pile BBeICHBI caleflyoulve OOOSHaYeHHA: 1, 91, M1 H fe, p2, M2 — paRMycbl, WOT- 
' HOCTH H KOHUCHTPallHH COOTBeETCTBEHHO KalleJIb YHCTOH BOLI H pacTBopa; 
-u — MMOTHOCTh BOAAHOFO Tapa; ui HW U2 — COOTBeTCTBYIOUIMe HacbilawllHe 
NJIOTHOCTH BOAAHOTO Napa; D — KosdcuunenT Audpy3Hu BOLAHOrO Mapa B BOs- 
 myxe. 
' . Tiogxctapaaa B (1) 3HayeHne w2 cormacHo 3aKony Paya 


= 3m py, 


pe, == qe (1 + ie) Viet < Ike y= ipa, 


|" (rae m— acca pacTBopeHHOro BellecTBAa B OLHOM Kalle pacTBOPa; ftp, {4n—MO- 
_ J€KYJAPHbIe Beca BOJbI H pacCTBOPeHHOFO BelllecTBa), BBOLA HOBy1IO PyHKILMB. 
‘= u&@ — ui M ONYCKasw WITpHX, NomyuHM 


dry i D 
pin 5+ = Du, 


drs is 


pare —> = D (u + uryrz*), (2), 


dt 
+ 4nDrninu + 4nDnere (u + u1yr,*) =a 0: 


HauaJibHble yCJIOBHA: 
fio, fa=fo, u=O0 pa c=0. 


} IIpu pemenun cucrempi (2) MbI HCIObSyeM TaK Ha3bIBAeMOe «KBa3sHCTallHO- 
HapHoe» mpHOmMxKeHHe (1, *), 3aKs104aIOlleeCa B TOM, YTO KOHUEHTpalluA BOLA- 
143. 


HOrO Napa B HepBOM MIpHOMMKEHMM CUMTaeTCA NOCTOAHHOH. [lomarana B TpeTbem — 
ypaBHenun (2) du/dt ~ 0, Haxoqum: | 


1 = — wiyry3 ( a nn (3) 


Nofs 


Vs (3) BugHO, YTO HayabHOe ycoBue U —O AIA CMaObIxX pacTBOpOB MpHosmH- 
2KeHHO yoBsmeTBopsetca. JIuddepenunpysa (3) Mo BpeMeHH, Moy4aem 


u dry ny drs ( 2a ny )| 4 
Uy [rT dé nyty + Nnef2 eds Bie Gay Oak Saaiey! ||’ (4) 


rue T — BpeMsA, 3a KOTOPOe MOJIHOCTbIO HCMapsAIOTCA KallIH BOMHOTO TyMauHa, 
OHO ABJIAe€TCA XapaKTepHbIM BpeMeHeM es V3 (4) cmenyet, 4To ycoBue 


du 
dt uy 


IpHMeHHMOCTH IIpHHATOrO npu6rmKenua § = ~|\<! BBIMOHACTCA, TaK Kak. 


u <i, a BCe WIeHbI B KBapaTHoH Beh ea BeIMYMHY MopsAsKa equ- 
HUILbI. 

Bauly Toro, 4TO BpeMA He BXOJUHT ABHO B (2), MOXKHO CUHTATb f2 yHK- 
welt fi: fe (fi). Yunrpipad 93TO u ucnomb3ysA (3), HeETPYAHO NOJyUHTS 


. 411 = 
ridre = —vredn; re = roo py mn = no, Vv = oe ; (5) 
2 me gh 


VMuterpupya (5) u HCnoOAb3yH HadaIbHOe YCJIOBMe, NMowyyaem 


A ey ; npr ; 
[Dea fm (Cl so vrsr— 8)"; jhe 20 (1 + a); ee ~ ; (6) 
1m ‘ Noper® 
2h2" 20 
fm — pakWyc Kanleib pacTBopa, WOcTHraeMbI HMM B MOMeHT HC4e3HOBeHH A 
Kall@Jib BOJDbI. ; 
V3 nepporo ypaBHeHus (2) HaxXOHM: 
ry 
r’dr’ D 
ee (7) 
u(r’) P41 


T10 
VMecnonp3ys (3), (6), 13 (7) Mocae HeCTO*KHbIX BLIYHCEHHH NowyyaeM HeAB- 
HYIO 3aBHCHMocTb /1 (tf): 
= 16 ah (= ), 
Tro 


I(x) =e (1 = 24) 6 UC ea) — YF a) of (1) a) 


Re £2 fy. LOE aia meee ES 

Mga (l= aee | aiee, ) 
t on ce pir? r B a ra 
: T Dia” r a 


Bpema NOMHOPO HCNaApeCHHA KalleJib BOLHOTO TyMana 7 onpejlessercn ypaB- 


HeHHeM 
T= tol (2) (9) 


Kak BHHO H3 (8) J (x), a TakxKe u J (0) 3aBUCHT OT JBYX MapaMeTpoB: oT- 
HOWCHHA BOJHOCTH K MaCCce pacTBopa B eAMHUIe OObeMa G H OTHOMWEHHA MoBepx- 
HOCTeH KalleJb BObI H pacTBopa B B HataJbHbIii MOMeHT BpeMeHH. B 3aBHCHMO- 
CTH OT B@IMYHHbI STHX NapaMeTPOB JWIA BP€MeHH MOMHOTO HChapeHHA Kallesb 
BOJbl MOMKHO NOYYATh pA MpOcTbIxX MopMy: Npu a Gro T. €. Kora Macca 
BBeMeHHOrO pacTBOpa MHOFO MeHbiue BogHOcTH, a B < | 


f1=0 


end fs Pel do 5, 
T= - 3Du, % 4 (10) 
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OTa xe dopMya cnpapeznupa uputl <p <a%, IIpu 1 <ah<fh 
uMeeM (bopMyJly 


3 2 
T5, Pir 
exo rene ae 
U, + Dn & (11) 

His (10) 4 (11) cnegyer, uT0, coxpanss a, rio MOCTOAHHEIMH M Geps pacTBOp 
B Bue Ooslee MeIKHX Kaleb, MbI MOxKeEM yMeHbIIMTS 7. B MpoTHBOMO0%KHOM 
MpefesbHOM cylyyae ao <1 u B => 1 uMeem 


8 2 
To P1109 


oe oe (12) 


Tocaequan copMya Takxe cipapeqiupa uv mpu 1 Sf Ssa, B caygae 
xe 1 Ss a6 nosyyaem 


I 20 P22 
a ~ “y 3Dua a (13) 
; 
_ MB 9TOM Culy¥ae YMeHbIeHHe HavaIbHOrO paluyca Kalenb pacTeopa MpHBOLUT 
' K yMeHbileHuio 7. OTmetum, 4To dopmysa (12) qaeT BpemaA UuCMapeHHA OfHOTi 
_ Kalli BOJbI, MOMeIeHHOH CpeqH Kaleb pacTBopa. 
B cBa3M C TeM, 4TO 3aqaua pelliamacb JId MOHOJUCHepCHbIX TYMaHOB, a 
| peasIbHble TYMaHbI NOJHAMCMepcHEl, MpescTaBdeT HHTepec paccmMoTpeHHe Tepe- 
| TOHKH B CMeCH MOJIHMCMepCHbIX TYMaHOB, 4TO COCTaBHT MIpeqMeT OTebHOrO 
cooOmeHHa. 

Bpipaxaio OnarogapHocTb C. C. Jlyxuny 3a nose3Hble JHCKYCCHH. 


MuctutyT o6uje u HeopraHHueckol XHMHu Tlocrynus0 
Axkayemun HayK YCCP 29 XI 1960 


LIMTHPOBAHHASA JIATEPATYPA 
1K.C. Dlugpuu, Tp. Inasn. reopus. o6c., B. 31 (93) (1951). #2 K.C. na i) 


HH, 
H. A. Wepeapbman, JIAH, 132, 1148 (1960). *K.C. Wugppnru, Atle 
peapbmau, Mss. AH CCCP, cep. reopu3., B. 6, 839 (1960). 
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Jjorxagn Axayemun nayx CCCP 
1961. Tom 138, Ne 1 


@H3HYECKAI XUMHA 


3. C. BYJIAHOBCKAS, A. M. BAPLUABCKHH, B. JI. KAPIIOB u HW. A. NMETPOB 


JIEHCTBHE y-H3JIYYEHHA Co HA H30TONMHbI OBMEH 
ME)KAY YPJIEBOROPOAHbIMH MOJIMMEPAMV HW TA3OOBPA3HbIM 
JEHTEPHEM 


(IT pedcmaeaeno axademuxom B. A. Kapeunoim 12 XII 1960) 


B pa6ote (+) Obl0 MOKa3aHO, YTO pH AeHCTBHU MOHH3UPytolllero H3yyeHHUS | 
HaGsOMaeTCA HZOTOMHBIM OOMeH BOZOpOsa MexKLy HEKOTOPBIMH NOJMMepaMH 4H | 
ragooOpa3Hbim JetTepHem. M3BecTHO, YTO STOT Mpolecc, KOTOPbIM B OTCYTCTBHe 
W3JyYeHUA He MpOHCXOLHT, Obl OObACHEH TeM, 4TO paciiay MOJIeKyJI NowMMepa 
Ha paluKaJsIbl M ATOMbI BOLOpOMa Mp JeHCTBHH H3J1yYeHHA ABIIAeTCA B KaKOH- 
TO CTeMeHH OOpaTHMBIM, B pe3yJIbTaTe YerO ATOMBI JeliTepHA BHEAPAIOTCA B MO- | 
JIeKYJIbI MouuMepa. B KavecTBe HCTOUHHKA H3JIYYeHHA B paodote (*) Oblia HMCNOJIb- 
30BaHa AKTHBHaA 30HA BOJHO-BOAAHOTO peakTOpa; OMBITHI MPOBOLMJNCb B 3a- | 
MaAHHbIX CTCKJIAHHbIX AMIyJaxX Mp JaBsIeHHH JelTepua, OnH3KOM K aTmocdep- 
HOMY. 

Llenb1o HacToAelH paOoTh ABIAIOCb Ooee NOApOOHOe UccseqOBaHHe yKa- | 
3aHHOrO ABJICHHA C HCMOIb30BaHHeM uHCTOrO y-H3myyeHHa Co®°, a TaKxKe H3y- | 
YeHHe BO3MO2XKHOCTH OOMeHa MexK)ly HEKOTOPbIMH %KUAKUMM yrseBoopoyamy | 
(A-TleHTaH, UWHKJIOMeHTaH, H-reKcaH, WHKJOreKCaH H OeH30J1) H ra3s00Opa3HbiM | 
JeliTepHem moj, JelicTBHem 7-H31y4yeHua Co®°, mockombky TakHe OOMeHHBIe peak- 
WMH, TaK Ke KaK HW peakUHH C yrvIeBOOPOAHbIMH NOJMMepaMH, KaK H3BecTHO, | 
B OOBIMHbIX YCJIOBHAX, B OTCYTCTBHE H3J1yYeHHA, He poTeKaioT. B nepBom mpri- | 
OJIM7KCHHH H3YYeHbI 3aBHCHMOCTH HaOofaemoro addeKTa OT BeJIMYHHbI NOBepX- | 
HOCTH MOJIHMepa, OT JO3bl H3yYeHHA, OT aBeHHA JeHTepHA H OT TemMe- | 
paTypbl. 

MeToguxka. OnbiTH NmpoBpoquiuch B MeTaMueCKUX aMMyax MpH | 
WaBeHHAX JevtTepua Jo 150 atm. Hapecxy uccnenzyemoro o6pas3ia (0,3-—-0,5 r) | 
BHOCHJIM B repMeETHYECKH 3aKPbIBAeMYWO aMIyJIy EMKOCTbIO ~20 MJI, CHaO»KeHHYIO 
BeHTHeM. AMMyJly SBaKYHpOBaIH MH HaNOHANH Tra3s00Opa3sHbIM JeliTepHem 
(~99,6% D) u3 OannoHa, JaBenve B KOTOpOM MpeBbitiasio 150 atm. TpoknanKu | 
HW CaJIbHHKH BeHTHJIeH ObIIH H3rOTOBJIeHbI H3 NowHsTHIeHa. JlaBneHue KOHTpo- | 
JIMpOBaJIH KaJIMOPOBaHHBIM OOpa3lOBbIM MA@HOMETPOM, IIpHCOeAMHEHHBIM K CH- | 
cTeme HanosHeHHa. Tloce sanomHeHHuA aMnyJly OTCOe@AHHAH MU 3aKpbiBasH | 
BeHTHJIb CM€WMaJIbHbIM KOJIMAKOM C 3arJlyLIKOH JIA MpeoxpaHeHuA OT BO3MOXK- | 
HOH yTeuKH JeHTepHA Yepe3 BEHTUJIb, BCJIEACTBHE JeHCTBUA U3IYYeHHA Ha CaJIb- | 
HHK. [lofroroBseHHble TAKUM OOPa30M aMITyJIbI NOABepramH OGyyYeHHIO B HC- | 
TOUHHKe Yy-n3yueHua Co®®. Tlocue oO1yyeHuA KOHTpOMUpOBaNH TaBseHHe elii- 
TepHA B aMMyvie, H3BeKaIH HCCeqyeMblli OOpasell H oNpesemaAH cofepxKaHne | 
B HeM JleHTepua. | 

Js storo cxuramM HaBecky (~0,15 r) B armoccepe Kucnopoza npu 900°, 
coOvpasM BOLYy OT COKKEHHA, OUI €€ OT BOSMOXKHBIX 3arpA3HEHHH H MIpH- | 
mec CO, MeperoHkoli B BakyyMe pH Jo6aBKe BaO u onpesensasu B Hei Kanenb- | 
HbIM MeTOZOM (*) KOHUeHTpaluio ZelTepua. TouHocTh W30TOMHOTO aHausa Co- 
ctaBiaa +0,02%. Tlonyuyennaa BeMYHHa COOTBETCTBOBasIa CpesHemMy cojep- | 
%KaHHIO JleHTepHA B BelljecTBe. KOHTPOJbHbIMH OMbITAMH ObIIO MOKa3aHO, 4TO 
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_ANHTeIbHBI KOHTaKT MoHMepa c ras0o6pasHEM JelitepHem IipH OTCyTCTBHH 
_WSIYYeHHA He NPHBOAUT K YTA2KeMeHHIO BOMbI OT CO%KMKEHHA MOHMEepa. STO CBH- 
_ AETEECTBYET O TOM, TO HalMUHe JelTepHA B NOJMMepe B ONbITax Cc O6yyeHHeM 

| HE CBASAHO C ajcop Omen BOMOpofa Ha MOBePXHOCTH MJIeHKH, a OOYCJIOBJeHO 

BHepeHveM JeHTepUuA B MOJIeKYJIbI HCCJIEMYeMOro BeMeCTBA. 
PesyWbTaTH uw UX O6cCyKAeHHE. JIna IIpOBepKH JeHCTBHA 
YHCTOTO 'Y-H31y4eHuA Co*° Obi UsyYeH U3OTOMHEIi OOMeH MeXxKAY rasooOpa3sHbIM 
| Relitepvem, Cc O2HOM CTOPOHH!, M ABYMA NoMMepamv — MOMMSTHeHOM HM TOWIU- 
MeTHJIM€TAKPHaTOM — Cc Apyrol. M3 nowuMepos, uccmeOBaHHBIx B padote (), 


| 


I K 700 200 = 300manr 
4 8 Desc pein 0000 02s 50) 75100 TeSamm 
/ ES 
\ 


H 
iG Puc. 1 Puc. 2 
; 


MaKCHMAJIBHEI OOmeH HaGwloqaeTcaA B cyuae NowHasTHeHa, TOrma Kak WIA 
_MOJIMMETHJIMeTakpHlaTa JOA OOMeHa MHHUMaJIbHa. B o6oMx onbITax 03a co- 
“craBasana 400 MH. r; WaBeHve JeliTepua Obiio paBHo 150 atm. IIpu napeckax 

MOJIMMepoB MopayKa | r w oObeme amnys 70 MJ KOHIeEHTpalua TeiTepusa cocta- 
Brana 0,55 aT. % B Cyuae NomuaTHTeHAa H 0,27 aT.% B CyUae NOMMeTHIMeTAa- 
“KpulaTa. OTM WaHHble NOKasbIBalOT, YTO THM MOHM3Upyiolllero Uu3IyYeHHA He 
OKa3bIBaeT CYIIECTBEHHOTO BJIMAHHA Ha HCCIeqyemMy!o peaKIHIO BONOposHOrO 
0Omena. OrcyTcTBHe 3aMeTHOTO BHeApeHHA JelitepuaA B MOMMeTHIMeTaKpUsaT 
_B paOote (') 6bII0 CBA3aHO, BEPOATHO, C HEJOCTATOUHOH AoO30H M3yYeHUA. 

Kak MoKa3bIBaeT OBIT, KOJIM4YeCTBO BHEAPHBWeroca TeiTepHA CHJIbHO 3aBH- 
CHT OT BeJIHUHHEI MOBEPXHOCTH NowHaTHeHA. Tak, npH Jose 200 MaH. Tr MW WaBse- 
HH JeiTepua 150 aTM. KOHUeHTpAallNA JelTepuA BCIy4ae NOJMSITHICHOBOH MVIeH- 
KU ToMMHOK 0,3 mm cocTaBana 0,45 aT. %, Tora Kak B OMbITe C NOpOMKoOo6- 
‘Pa3HBIM NOMHSTHIECHOM KOHICHTPAalluA TelitepuA coctaBraua 1,55 at.%. Uiccae- 
‘OBaHHe OCHOBHBIX XapaKTepHCTHK Mpollecca NPOBOLHOCh Ha HeCTaOuIH30BaH- 
‘HOM NlOJIMSTHeHe B BUJe NeEHKH TosMHHOH 0,07—0,08 um. 

_ Pesyapratnl uccmeqOBaHuA 3aBHCHMOCTH KOHIeHTpallMu Jelitepua, BHeApeH- 
‘HOFO B MOJIMMep, OT HHTerpabHOH JO3bI H31y4eHHA TIpMBeseHb! Ha puc. 1. Kpu- 

Bad XapakTepu3yeT BO3pacTaHHve KOHIEHTPallMH AehTepHA B OOpasie B 3aBHCH- 
MOCTH OT JO3bI. Bplia H3yueHa 3aBHCHMOCTb KOHUCHTpallMn JeHTepuA B MOMSTH- 
\JIeHE OT JaBeHHA JeliTepua BaMIyse pu Jose ustysenus 200 MH. 1. CooTBet- 
CTBY1OlHe JaHHbIe NpHBeeHb! Ha pc. 2. OHH NOKa3bIBalOT, YTOB Wpefeax or 2 
Qo 140 arm. KOHIeHTpallun JeliTepuA BOSpacTaeT BCerO JIHIIb B 2—2,5 pas. Oue- 
BUJHO, 4TO B CIyuae aBmeHHA JeliTepuA Ou3KOrO K HYJIIO OOMeH He MOKET 
wMeTb Mecta. IlostoMy AIA O6acTH WaBseHHH MeHbIlle veM 2 aTM. SKCTIepH- 
MeHTaJIbHad KpuBand SKCTpanomMpoBaHa B Bue MOKasaHHON Ha Puc. 2 NyHKTUp- 
(HOH JIMHUH. 

Takum 06pa30M, xapakTepHoli ocoOeHHOCTbIO HcCyIeMyemoro Npollecca ABIAeTCA 
\ObICTpoe HapacTaHHe KOHIeHTpallHu JeliTepHA B MOMMMepe MpH BoO3spacTaHuu 
QlaBneHua elitepua B OGaCTH MaJIbIX JaBeHHH (10 2 aTM.) HM CpaBHUTe/bHO 
MeIeHHOe HapactaHue B OOMacTH Govlee BbICOKHX JaBseHHH (0 150 arM.). 

Jina BbIACHeHHA 3aBHCHMOCTH HaOsofaemoro sicdekTa OT TemMiepaTyphl, 
Hapsayly C OMbITaMM pH KOMHATHOH TemnepaType, Obl MOCTaBJIeHbI Take OMNBI- 
TEI pH 100° (kunsmas Boga) A —196° (KHAKHI a3oT). J]o3a u3s1yueHHA B O60ux 
OMbITax cocTaBisna 80 MAH. fr, TaBleHHe JeHTepHa ~100 aT. KonueHTpallua 

HiTepHsA B NoHMepe B onsite, MpoBexeHHoM mp f = 100°, cocraBasaa 0,25 ar. % 
aupu tf = —196° 0,08 at.%. 

. 10* 147 
| 


Ta6auna 1 


Hsoronnpiii o6MeH BOopoya MexKAy yraeBosoposaMH HM rasooOpasHbIM AeliTepuem mpH 
qelicTBHH Y-H31yueHua Co®? 


m ° aBJICeHHe o 
a ee = S e earpoe = : 
5 aTM. #8 ¥ oa gu oS r 
BeujecTBo ie :. ve & ce dl é BeujecTBo . 5 > 6 & EE 5 , 
oS JORIS Gale ees S21 SR | oe oom 
Ba | Sm | oe | Ba | Fo a m | OF | Bel ao 
ne |-22 | 22 |2e | ae mes | &2?| Be |2k\as 
H-[lenTaH 0,80; 10] 10 1|0,09} 0,8 || a-[excan 0,55} 142 | 135 | 0,26) 2,2 
#-IlentTaH 0,70| 147 | 144 |0,46| 3,9 || Lluxnorexcan |0,43} 10 10 | 0,02) 0,4 
I]ukaoneutaH 0,50; 10] 10 |0,18] 4,3 |} LuKnorexcan |0,50] 142 | 142 | 0,24) 1,6) 
Lluksonentan 0,70| 147 | 125 |0,55] 4,0 || Benson 0,80} 10} 10 |0,05)0,2 
H-TeKkcaH 0,46} 10 10 |0,10| 0,8 || Bex30n 0550/1247 | 441 a2 a 


Pe3yJIbTaTbI OMbITOB M0 H30TONHOMy OOMeHY MexKy HeEKOTOPbIMH 2KHIKHMH 
HH3KOMOJICKYJIAPHbIMH YrueBOLOpoqaMu HM rasooOpa3sHbiIM eHTepHem mpHBe- 
JeHpt B Ta6n. 1. TlomyueHHble JaHHble CBHJeTebCTBYIOT O TOM, 4TO IIpH o3e 
200 mMuIH. r H aBeHviv Jeltepua 10 atm. HaOwOfaeTCA BHeApeHHe JeHTepua us 
ra3soBoi dbasbl B CH-cBa3H MCCeAyeMbIX yIrseBOJOpoOyoOB*. 

YseinyeHHe WaBeHuA 20 ~145 aTM. NpHBOAMT BO BCeX Cy4aAX K 3Ha4dH 
TeJIBHOMY BO3PaCTaHHIO KOHICHTpalluH JeHTepHA B yrwieBoyopore. 

Takum o6pa30M MOJTBepxKTeH OOHAaPyXeHHbIM paHee 9ppeKT HHHILMUpPOBa- 
HHA M30TOMHOrO OOMeHa BOJOpoyqa mexay C— H-cBa3iMM HeKOTOpbIX 10+ 
JIMMepOB HW ra300Opa3HbIM JeHTepHeM Mod AeicTBHeM HOHH3Hpylollero u3uyye- 
Hua. Tloka3aHo, 4TO THM M3 yYeHHA He OKa3bIBaeT 3aMeTHOFO BJIMAHHA Ha Ha- 
OmroaeMbI Mpotecc OOMeHa H 4TO MOMOOHHIM OOMeH XapakTepeH He TOJIbKO WIA 
BbICOKOMOJIEKYJIAPHbIX COC#AHHEHHH, HO TaK*Ke H [VIA HHSKOMOJICKYJIAPHBIX yrvie- 
BoJopoxosB. M3yueHbl 3aBHCHMOCTH JOIH OOMeHa OT TeMMepaTypbI WH TaBeHHA 
JeHTepHA WIA yrieBoLOpoOB pa3sHoH CTPyKTYypHl. 

Tlouy4eHHble pe3yJIbTATbI IpOJMBalOT CBeT Ha Me€XaHH3M H30TOMHOrO OOMeHa’ 
B Clydae IIpHMeHeHHA paqHOaKTHBHBIX H3OTOMNOB (HallpHMep, TpHTHA), MpH KO} 
TOPOM COOCTBeHHaA pafHOaKTHBHOCTb H30TOMa, aHaJIOrH4YHO BHeIHeMy H3J1y- 
YeHHIO, MOXKET CJYKUTb (PaKTOPOM, HHHUMHPYIOULMM OOMeH. i 

Ha6mogaempii adpektT cileqyeT YYHTHIBaTb MPH HCMOIb30BaHHH payvoakTHB 
HbIX HHJMKaTOpOB B XMMHH H OHOJIOrHH, KOra HCP aKTHBaLHH OOMeHHBIX 
peaKUHH MOryT ObITb JOCTaTOUHO HH3KHMHM H BeJIMUHHbI, MOJyYeHHble Mp HC- 
NOb3OBAHMM CTAOWJIbHBIX H PaMOaKTHBHEIX H30TOMOB OMHOrO HM Toro > 9/12- 
MeHTa, MOryT IIPHBOJMTb K pa3HbIM pe3yJIbTaTaM. 


@u3HKO-XHMHYeCKHH HHCTHTYT Tloctrynus0 
um. JI. A. Kapnosa 8 XII 1960 


UHMTHPOBAHHAA JIATEPATYPA 


1A.M. BapmasceKwuh, Tod. Bacuas,es, Be J. Kapnos, 10.C.eslae 
sypkuu, HW. A. Wletpos, JAH, 118, 315 (1958). 2A. HW. Wlareunmre au, 
A.M. BapuraspcKkul, KAX, 11, 746 (1956). 


* YrueBOLOPOAL! HACHTHPUMPOBaTHCh 0 TeMMepaType KHMeHHA, KOTOpad He H3MeHsANACh| 
B Mpomlecce o6myyenHua. 


148 


Moknanes Akayxemuu nayK CCCP 
1961. Tom 138, Ne 4 


PHSHTECKAA XHMHA 
\ M. H. BHHHHK, 10. B. MOHCEEB u JI. B. NAJIATHHA 


KHHETHKA PHAPOJIN3SA KAMNPOJIAKTAMA B BOJIHbIX 
PACTBOPAX KOH 


(ITpedcmaeaeno axademukom B. H. KoxOpamoesum 15 XII 1960) 
-  Ussectuo, 4To pacTBopbi menouel B Bose, cClupTax u Apyrux opraHnyeckux 
| PpacTBopuTemAx — sideKTHBHbIe KaTaH3aTopbl. Mmeromjasca oOuIMpHad ° JH- 
/ repaTypa Mo KaTamuTHuecKomy JelicTBuIO Wem0Ueli (NaOH u KOH), B ocHoBHom, 
» KauectBenuoro XapakTepa. KomnuecTBeHHble paGorTbl NOCBALILeCHbI HCCe,OBaHHAM 
| B pasOaBJIeHHbIX HU YMepeHHO KOHI[CHTPHpOBaHHEIX, pacTBopax wenouel. V3-3a 
OTCYTCTBHA KOJIMYECTBEHHBIX JaHHbIX N10 KHHeETHKe TIpoTeKaHHA XHMMYeCKHX 
| peak B KOHICHTPHpOBaHHBIX pacTBOpaXx Ileoueli NOKa HeT BOSMOXKHOCTH 
peer BBIBONbI OOOOUalollero XapakTepa O MeXaHH3Me KaTaJINTHYeCKON ak- 
TMBHOCTH TaKHX cpeJ. 

' Ha oOcHOBaHHM SKCIepHMeHTaJIbHbIX JAHHbIX MO KHHeETHKe PHApomN3a B pas- 
" OaBseHHbIx pacTBopax Ilenouel pax apropos (1°) cuuTaioT, 4TO AUMUTUPyroleH 
CTajlvel ABJIAeTCA B3AMMOJeliCTBHe MEXxKy HOHOM PHApoKcusla MH MOJIeKYJIO pea- 
_Texta B. B Takom cuyyae 


; ip r fp 
eeeosg ip = Kiger @ou--Cp.—-3 Koop = Kucr*@on-+ay-4 (1) 
i i 
4 . 
| re dQoy-— aKTMBHOcTh ruypoKcuna u fp, f* — KostppulHeHTE! akTMBHOCTeLi 


_peareuTa M aKTHBUpOBaHHOrO KOMIIUIeKCa. 
_ 8B uacTosmjee BpeMaA HMeIOTCA TIPAMble 9KCMeCPMMeCHTAJIbHbIe MOKaZaTeJIbCTBA, 
/4TO JIA WeNoro pAa MpoleccoB KaTaUTMYeCKOe JeMCTBHE KUCJIbIX Cpe, 3aKJIIO- 
‘WaeTcaA B MpeBpallleHuH peareHTa B HOHH30BaHHy!O *opMy, a JMMUTUpyromel 
‘CTaueH ABIAeTCH cTaqua peBpallleHuA HOHUSOBaHHOM dopmpl. Ilo aHanoruu 
KaTaJIM30M B KMCJIBIX CpejlaxX, MOXKHO MIpeMoaraTb, YTO WU B ULeOUHBIX cpesax 
‘peareHT MoxKeT NoBepraTbcaA HOHM3alMH, IpHYeM PaBHOBecHe Me%Ky MOHH- 
'BOBaHHOM M HeHOHM3OBaHHON (tbopMamu ycTaHaBsMBaeTca ObicTpo. J,aHHbie Of- 
‘Bapfa u Teppu (7), mo ruqponvsy AMalleTHamuHa M CykKIMHUuMUya, u Tadra 
¢ cotp. (°), no ruqponusy TpudropaleTaHuiua, MOryT paCcCMaTPpMBaTbCA Kak 
ee 9TOH TOUKM 3peHHA. O6o3HayuM BbIpaxKeHHylO 4Yepe3 aKTHB- 
HOCTH KOHCTaHTY paBHOBecHA MOHH3alHu KamposaktTama B uepes Kp. 


a a a ab ap -doy- 
B+OH2BOH; Kp=7—=. 


ha 


Tipu YCJIOBHH, 4YTO CTeMeHb HOHH3AILHH MaJla, JIA Kees Clip aBeJIHBO ypaBHeHHe 


Kuer fp 


ie K cT 
i W = Kogo: Ca, = K, aou-*Cp ° ye? Ksoo= ‘Kay OHS)” oc (2) 


‘110 (OPpMaNbHO KHHeETHYeCCKHM 3aKOHOMEPHOCTAM HE€BO3MO2%KHO Pa3JIHYHTb 
IOMAHYTHIC Ba MeXaHH3Ma. 

_ B o60nx cnyyaax HaOwoflaemad KOHCTaHTa CKOPOCTH H3MeHAeCTCA MpAMO 
OMOPUHOHAaIbHO AKTHBHOCTH HOHOB rHApoKcHa. 
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Ecnu B JMMHTHpytollly!o cTaMIO THAPOW3a aMHOB BXOAUT H MoOueKya 
BObI, TO 
ery he K’. fp 
4,0 °40H- pam 
Ker 
rye K’ = Kyer 10 MexaHu3my (1) nu K’= KZ MO MexanusMy (2). 
p 
B uactosilei paOoTe H3y¥alacb KaTaIMTHYeCKad AKTHBHOCTb BOJHBIX pac- 
TBopos KOH ua mpumepe ruqpomu3a KamponakTama. KuveTuuecKkue u3Mmepe- 
HUA MpOBOAMIHCb Ha cnekTpodotometpe C@JI-1. [Ipumenenue cnextpodotomer- 
puyeCKO MeTOAMKH OKA3a/10Cb BOSMOXKHHIM OarofapA TOMY, 4TO B yAbTPadvose- 


TOBOM O6aCTH CHeKTpa KOSPPHIMeHTH! MOTIOWEHHA KallpoakTamMa HW MpomyKTa. | 


ero THpoulu3a— aMMHOKaMpOHOBOH KUCOTHI — CHIbHO oTAMUaloTca. JlnaA 
ONbITOB HCMOb30BasIcaA MpenapaT KOH mapku x. 4. 

M3 3a-Toro, uTO BOJHbIe pacTBopbl KOH pa3peyaior cTeKJI0, pacTBOpbI IleJI0- 
4H IIPHOTOBJIAJHCb HemocpesCTBeHHO Tepe OMbITAMH. ONBITHI MpOBOAMJIMCb 
TaKMM 2Ke 06pa30M,Kak HM IIpH H3y4eHHH peak JeruypaTaluu opTo-OeH30uuI- 
6eH30HHOH KHCOTHI (*). 

KonueHTpalua slakTaMa B OMbITax cocTaBrana 3—6 -10-* moub/a. B cumbHO 
KOHICHTPHpOBaHHbIxX pacTBopax (KOH spmue 46%) makTaM oueHb TpyHO pac- 
TBOPHM (ero paCTBOPHMOCTb, M0-BHAMMoMy, MeHbute | -10-* momb/am), NosTOMy 
IIPHIULIOCb OTKA3aTbCA OT MONBITOK H3YYeHHA Mpomwecca B TaKHX cpefax. B uc- 
CIelOBAHHOM HHTepBasle KOHUeHTpanuH KOH kanpomakTaM MOJIHOCTbIO THJ- 
pomusyetca. Kak WH cie10BaO OXKUAaTb, OTHOCHTeIbHO JIakTaMa IIporecc Mo- 
HomMoslekysapeH. Ha puc. | mpeacTaBmeHa KHHeTM¥eCKaA KpUBaw H ee NOrapHd- 
MHYeCKad AHaMOp(ho3a PeaKILMH THApomM3a KanpomakTama B cpeze 20,45% KOH 
mpu T = 60°. MoHomouekysIApHad KOHCTaHTa CKOPOCTH COXpaHAeT NOCTOAHCTBO 
BIJIOTb JO MOMHOTO MpeBpallleHHA KanpoakTaMa B AMMHOKANPOHOBY!O KHCJIOTY. 


Ta6auna i 
a las T-pa, °C Koga MHH- eer Te, Kapp» “aH 
1,037 | 90 0,570-40-2 12,44 | 90 0,676-10-2 
80 0,315-10-2 80 0,405-10-2 
70 0170-40-2 70 0;191-10-2 
60 0,075-40-2 60 0,108-10-2 
phe 50 0,506-10-2 
mea ie Lene 40 0,199-10-2 
70 0.310-40-2 25 0,474-10-3 
60 0,132-10-2 15,76 | 60 0,147-10-2 
ae 50 0,690-10-2 
see] | goamars | ost: 
70 0,610-40-2 cee etna 
60 0,320-10-2 20,45 | 60 0,244-10-2 
8,056 40-1 50 0,112-10-1 
oo | um Sites 
70 0,112-10-2 sPaige 0 2outs 
60 0,503-40-2 26,95 | 50 0,214-10-2 
50 0,230-40-2 40 0980-102 
40 0,109-10-2 25 0,227-40-2 
P 200 10 33,16 | 50 0,384-40-1 
40 0:176-40-2 
25 0,410- 10-2 
37,25 | 50 0,588-10-2 
40 0,350-10-1 
25 0,654 -10-2 
45,78 | 25 0,159-10-2 
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Ta6muna 2 


we Bec. | Ig [Keppl mpw 25°C | Ieaxon | le con, | lean, | 1g —S2¢ Eso: 
0 ea : 20H ,°4H,0 KKaJl/MOn 
AROS —4,42 —1,62 | —0,81 | —0,002 —3,64 (8) 
PA —4,16 —1,04 | —0,52 | —0,005 —3,64 16,7 
4,184 —3,85 —0,00 | —0,25 | —0,011 —3,09 NOT 
8,056 —3,06 OR2t 0,105} —0,025 —3,64 16,7 
12°44 307 0,76 0,38 | —0,040 Sates 16,5 
1) 746) —3,10 Hedy 0,575 | —0,054 —3,63 16,6 
20,45 —2,91 al 70) 0,85 | —0,090 —3,67 dG 
26,95 — 2,64 2) A 1,235 | —0,134 —3,74 16,7 
3316 25 3/99 4:61 | —0,240 a5 76 16,3 
37,20 —2,19 3,76 1,88 | —0,320 —3,75 16,5 
45,78 —1,80 4,96 2,48 | —0,580 —3,70 _— 


IIpuMeuan He. SHaveHvA Ayo}; B3ATHI H3 paGoTE! (5), a BeEMIMHEI Ay,90 43 (°). 


 B cmyuasx, Kora cKopocTb rugpouusa Opa Maa (Kspp <2,5 -10-* muu.~}), 
' OBIT NpoBosHICA Mp WaHHOH TemMmepatType TombKOo ya 40—70% mpesparie- 
\ HHA. SaTeM KIOBeTa HarpeBaslacb JO Temnepatypphr 70 — 90 °C, npu korTo- 
poH peakUMA OKaHUMBAasACb. 
_ Satem KIOBeTAa oxslaxK]la- 
lacb JO NepBOHayabHOH TeM- 
HepaTypbl H 3aMepsviocb 3Ha- 
yeHHe ONTHYeCKOH IJIOTHOCTH 
pactBopa D.. B Ta6n. 1 mper- 
. CTAaBJICHbI KOHCTaHTEI CKOpocteli 
THApoiu3a Kallposaktama mpyv 
Pa3JIMUHBIX TeMIlepaTypax B 
cpeqax C pa3JIMUHbIM cojepKa- 
_Huem KOH. Oru qaHuble xopo- 
m0 YyKuaqbIBaloTCA B 3aBHCH- 
mocTtb Appenuyca. B Ta6n. 2 
MpefcTaBJICHbl KOHCTAHTbI CKO- 
pocte K.go mpu 25°. Jina nH- 
TepBalla KOHWeHTpanHi KOH- 
oT 1,037 no 12,41% sacdbcexTus- 
_ Hbl€ KOHCTAHTEI BLIYHCJICHI 9KC- 
TpanowAuveH W3 BLICOKHX TeM- 
_flepatyp mo ypaBuenuro Appe- 
HHyca. SHaveHHA SHeEPrHH akK- Puc. 1. Kuneruueckas Kpusas (2) u ee norapudmu- 
THBallMH pakTH4ecKH He 3a- ‘eCKas aHamopdosa (2) peakuuu rHypomH3a kamipo- 
BUCHT OT KOHIeCHTPauHH KOH Jlaktama B cpege 20,45% KOH npxu 60 
Hu paBHbl 16,6+0,3 KKan/Momb. 
; Kak BYHO M3 TaOl. 2, KOHCTAHTa CKOPOCTH rH{pomH3sa Kanpomaktama Kapp 
' B KOHILCHTPHpOBaHHHIX BOJHEIX pacTBopax KOH sospactaet Oosee pe3Ko, 4eM 
_ KOHIeCHTpalluA THApOKCHIbHEIX HOHOB. Hanpumep, Np yBeMMYeHHH KOHIeH- 
_ Tpauu menoun or 1,037 go 45,78% KOHCTaHTa CKOpocTH mpH 25° BospacTaeT 
_B 417 pas. SToT dakT TOBOPHT O TOM, YTO KaTaIMTHYeCKad aKTHBHOCTb KOH 
“ollpeflemseTca He TOJIbKO KOHUeHTpaltHeH HoHOB OH, Ho M 3aBMCHT OT CBOHCTB 
HOHAa rM{poKcusa B AaHHoM pactTBope. LIBapuenOax (*) No aHanoruu c pyHkunen 
KUCIIOTHOCTH JIA paCTBOPOB KHCOT MpeqO*KUI XapakTepW30BaTb IeOUHble 
Cpesb :byHKIMel WeOUHOCTH, ONpesemHeMOH HHJMKATOPHBIM MeTOoOM. OnHaKo 
e€To JJaHHbIe He MOryT ObITb HCMOb3OBAaHbI JIA KOJIMYCCTBEHHOM XapaKTepHCTHKH, 
aK KaK Mpwero u3MepeHHAX MHIMKaTOp H MCC/e,yeMbI pacTBOp HaXOJMIMCb 
/B pasHErx cpasax. Kpome Toro, IlIpapuen6ax He MoKa3aul, KaK MOHH3yIoTCA npu- 
/ MeHSIeMble HM HHAKaTOpH! B WemouHbIx cpegax. IlomyueHHble B HacTosmen 
_ paGoTe SKCMepuMeHTAJIbHbIe JaHHble 10 THAPOMHSy KallpowlakTama C yOBeTBOpH- 
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TCJIbBHOH TOYHOCTbIO yKJaIbIBaIOTCA B cwlefyrollee ypaBHeHHe 


Ko 


ie oscil const, (3) 


rye"a3. —CpeqHAA HOHHAA AKTHBHOCTb BOJHbIXypacTBOpoB KOH. Bauly TOrO, TO 
ypaBHeHue (3) coOmloaeTcCA B WIMpOKOM HHTepBayle KOHICHTpaluM Mlenoun, 
MMeeTCH OCHOBaHHe CjleaTb CyIeLyIOUlWe BbIBOLEI. 

JIumutupyromad cTaqus THpouv3a aMHOB BKJOYaeT MOJIeKYJIY BOB. 
IIpu u3MeHeHHM KOHIeHTpallM BOLHEIX pacTBopoB KOH akTHBHocTb MoHOB 
rWIpOKcHla H3MeHAeTCA TAKUM %Ke OOpa3soM, KaK M aKTMBHOCTb HOHOB KaJIvA 
(pH H3MeHeHuM KOHWeHTpanHH KOH aktuBnoctu uonop OH” u K* usmensiotca. 
ONMHAaKOBOe YMCIO pas). OTOT BHIBOL MO*KeT ObITh ONl|paBlaH TakixKe TeM, TO 
cormacHo pacuetam bepHana u Daysepa MOHbI KaJIMA MU PHApOKcHNa B pacTBopax 
MMeIOT OJMH HM TOT Ke paguyc (°). 


VuctutytT XHMHYeCKOH (GH3HKH Tlocrynuso 
Axanemuu HuayK CCCP 8 XII 1960 


UMTHPOBAHHAA JIHTEPATYPA 


K. K. Hnroapbg, Mexanu3m peakuHi 4H cTpoeHHe OpraHHyeckHx coemuHeHHH,VJI, 

2J.7T.Edwiard, K. A. T erry, J. Chem. Socth95 aco2/ eke oS. Dbemerchie 
Ree Tait, J. Am.) \Chem. Soci /79) 49271957) seer a ae aH Hee eke 
Pa6osBpa, H.M. Unpxkos, KO@X, 33, 1993 (1959). ®&® R.A. Robin son, 
S) es, Trans. Farad. Soc., 45, 612 (1949). ®° E. Shibata,J.Kabayschij 
u 


cawa, J. Chem. Soc. Japan, 52, 404 (1931). *“D.Schwarzen- 
8 


co 


R. Sulzberger, Helv. Chim. Acta, 27, 348 (1944). 


c J. Osa bmemumpanls 
wis Fowler, }JP Chem. Physs. lenol5a(lo33)s 
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Hoxaagn Akanemun nayx CCCP 
1961. Tom 138, Ne 1 


®H3SHTECKAH XHMHA 


A. HW. KPIOKOB u B. 8. AHH 


O SOTOXUMUYECKOM BOCCTAHOBJIEHHH XJIOPHOrO 
JKEJIESA B APOMATHYUECKHX YIPJIEBOXOPOAX 


(ITpedcmaseaeno axademuxom A. H. Tepexunoim 19 XII 1960) 


Kak U3BeCTHO, paCTBOPHMOCTb XJIOPHOPO Kevlesa B GeHsoule M Apyrux apoma- 
\THYECKUX yrseBOMOposax B OOBIYHBIX YCJIOBHAX BaKHOTO BO3AyxXa Kpaltue 
HeBeuKa. OfHako Ip TUaTebHOM yasleHHH Bard ylaeTCA MomyuvTb pas- 
OaBsIeHHbIe pacTBoppl 3TOH COM B OeH3OIe (KOHUeEHTpalua MopangKka 10% M), 
HOcTaTOuHO yCTOHYMBbIe B yCIOBHAX BakyyMa. B cneKTpe 9THX paCTBOPOB 
| Obia OOHapy2KeHa eCLMHCTBeHHAA Mosoca MormomeHud c MakcuMymom y 340 mp. 
Brio mpeqnonoxeno (1), ro ona cooTBeTCTByeT «3ampelleHHOMy» mepexoay 
/C OCHOBHOTO CHHTeTHOrO COCTOAHUA OeH3Oa B HUMSINee TpuMMeTHOe, BepoAT- 
-HOCTb KOTOPOTO CHJIbHO BOSpacTaeT BCJIeCTBHE BOSMYMalollero lelicTBHA Tapa- 
_MarHUTHBIXx MOJIEKYJ XMOPHOTO 2eesa. BosMOxHO, OLHAKO, M Apyroe TOKOBA- 
| Hue reHesHca 9TOM MosocbI, Ha KOTOpoe oOpaTH BHUMaHHe A. H. Tepenuu (?). 
Tak Kak cBa3b MexKy MosleKysjlamu FeCl, u Cg,H, uMeer JOHOpHO-akllenTopHyr0 
“mpupony, TO €CTECTBEHHO CUNTATb, YTO pacCMaTPHBaeMaA Tlooca MOTOWeHuA 
| TIpHHayiexKUT K THY «CIEKTPOB MepeHOca 3apsAay, aHaOTMYHO yubTpaHowe- 
|TOBOMy CIIeKTpy KOMMseKCOB lola Cc apoMaTHYeCKHMM yruleBoZopozamu (°). 
f EcaM 3TO TOJKOBaHHe CieKTpa ABJIAeTCA BEPHbIM, TO CJleAyeT ORKUMaTb, 4TO 
‘TorvioiwjeHve KoMMeKcamu FeCl,-Cs,H, KBanTa ybTpadMoueTOBOrO CBeTa, OTBe- 
““alollero Nosoce NOrioleHus y 340 Mp, JOJKHO IpHBOAUTb K Oosee rilyOOKOMy, 
“4eM y2Ke MMEIOIIHiicd B HOPMaJsIbHOM COCTOAHHH, BHYTPHKOMIMJICKCHOMY 9JIeK- 
‘TpoHHomy TlepeHocy. PaccmaTpHBaeMol Mosloce JOJIKeH, TAKMM OOpasoM, OTBe- 
‘4aTb Mpowecc doToBoccTaHOBJeHHA XJIOpHOrO x%*eesa OeH30I0M. TakKue xe 
‘boromponeccei JOJOKHbI HaOmOLaTbea B pacTBopax FeCl, B Apyrux apomaTuue- 
CKUX yrseBoyopogax. IIpu stom B pay STUX yrsmeBoOpoJOB, B 34BHCHMOCTH OT 
“MX QJIEKTPOHOMOHOPHEIX CBOHCTB, AOJKHA HaOMOaTbCA ONpeseweHHaA 3aKoO- 
“HoMepHocTs KaK B TOJIOMKeCHHM COOTBETCTBYIONIUX MOJIOC NOrOWleHHA, Tak U 
"B BemmuMHe doToxumuyeckoro addexta. IIpopeyqeHHoe HaMH uccyIeqOBaHue 
‘CHeKTpoB XJIOPHOrO 2%Kewesa B OeH30ue, TOYONe HU N-KCHJONIe, a TakxKe JeHCTBHA 
‘Ha 9TH CHCTeMBI ybTpaduoseTOBOrO CBeTa MOATBEPAWIH 9TH BEIBOZbI TeopuH. 
'B HactTosillel CTaTbe KOPOTKO H3JIOXKEHb! pe3yJbTATbl STOTO UCCMeOBaHHA. 
' ONBITHI NpoBoyHuCh Cc pacTBOpaMH, OOe3rax%KeHHbIMH B YCJIOBHAX BbICOKOrO 
Bakyyma (qa cboTOXHMMYeCKHX HCCeJOBAHMH) WIM MpHrOTOBJIeHHbIMH B Cy- 
OH KaMmepe (JIA CbeEMOK CIIEKTPOB NOrsOMeHus). IIpumMensaBuiueca IA padorst 
YreBOOpOAb! MOABeprasuch TWaTeJIbHOM OUMCTKe HM OCYIIKe NO MeTO\aM, OMH-— 
CaHHEmM B (*). Konuentpanua FeCl, B pacTBopax onmpegesanacb CieKTpopoto- 
‘MeTpuuecku m0 A 470 mp B Be KOMIMIeKCa C CYJIb:pOCaMMMMIOBOM KUCJIOTON. 
B Apes TIPHMeHAJIMCb pacTBOpHI, Cosep*Xalllve COJIb WKee3a B KOHMEHTPalluAX 
or 1-10-* go 8-10°* M. CnextTpbl norsouleHHaA CHUMAJIMCb B KBaplleBbIX KIOBe- 
Tax Ha hoToss1eKTpuyecKom cnekTpodotometpe C®-4. OOsryyenue TIPO3BOMHJIOCb 
PTyTHOH mamnoii TIPK-7 uepes KoOanbTOBbIii CBeTOPHJILTP, BbIZeIABLIHH CBeT 
4365 Mp. KBaHroBble BbIXOJbI oTOpeakUHH ONpeseIAHCh IPH MOMOMM ypaHuu- 
CajlaTHOrO AKTHHOMETPpa. 
OnbITbI MoKa3aIH, 4TO pacTBopbl FeCl; BO BCeX yruleBOLopoyax oOaaioT B 
H3KOM yabtpaduostete OAHOK WIMpOKOH MoNoco NOrMOuleHuA OowbIWOH MHTeH- 
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cupnocta. MakcumyM 3TOMi ToJlocbl Ip Mepexogle oT OeH307a K EO MPOHSBOAHEIM 
CMellaeTcCA B JWIHHHOBOJHOBy10 cTopoHy. Ilomocbl HeCKObKO 3aXBaTbIBAaloT TaK- 
Ke BHUMY1O OGaCTh, HC STHM CBA3aHa MpHcyllad BCeM TAKUM PpacTBOpaM KesTO- 
6ypaa oKpacka. CooTBeTcTBy!olive CMeKTPbI NPHBeeHbI Ha PHC. 1*, SHaueHua 
Eyaxc WIA PACTBOPOB B GeHsOue, TOyoMe H N-KCHJIONIe PaBHbl COOTBETCTBCHHO 
6700, 6200 u 5600. Stu sHaueHna Nowy4eHbI 6e3 yueTa AMMepu3sallMM XJOpHOTO 
\Keule3a, IIpHHMMaeMoli HeKOTOpEIMH aBropaMu. Ha puc. 2 MoKasaHa 3aBMCHMOCTE, 
oOHapyxXHBalollasica Mexy moox«Ke- 
HHeEM MaAKCHMYMOB MOrJIOMleHHA COOTBET- 
CTBYIOINMX TNosOC H HOHW3allMOHHbIMU 
MOTeHILHaaMH YrJIeBOAOPOAHbIX pacTBO- 


36 ] 
92 


90 
2 
66 
t 
66 
3 
8it- 
C2 eee ee eee 
500 100 A= 300 mut 26000 26500 | 29000 298 - 
Pue. 1. CnekTpbl MorsomjeHHa XJIOpHOro 2Ke- Puc. 2. SaBHCHMOCTb MOJIOKeHHA 
Jieza: J — B 6eH30Ne, 2 — B TOMyoNe, 3 — MaKCHMYMOB MOPIOWeHHA paCcTBOpOB 
B f-KcHuIOe, 4— B Me3HTHJIeHeE XJIOpHOrO 2Kele3a OT MOTeEHIHaJIOB 


HOHH3allMH pacTBopHTedel. 1 — 6eH- 
301, 2—Tomnyon, 3 — n-KcHON, 
4 — me3HTHUIeH 


putejel. SHayeHHa MocmeqHux 3auMCTBOBaHEI u3 (°). Ha6mogaiouluiica oTuet-— 


JIMBO JIMH€HHbIM XapakTep STO 3aBHCHMOCTH CBA3aH C JOHOPHOM PyHkWMen pac- 


TBOPHTeIA B COOTBETCTBYIOIM el MexKMOJeKYJAPHOH CBA3H H MOKET ObITb TakxKe | 


paccMoTpeH KaK OHO H3 JOKa3aTeJIbCTB TOrO, UTO CHEKTPaJIbHbIe MOJIOCbI COOT- 
SS an KOMIIJI€KCOB OO683aHbI M€2KMOJIEKYJIAPHOMY IlepeHocy SJIEKTpOHa 
mo CXeMe 

e 


hy 
CsHe-FeCls 2 CoH? -FeCl>. (1) | 


Ene Oovlee y6eHTeIbHO TOBOPHT B MOsIb3y STOFO TOT PaKT, UTO MOFJOLM[EHHIO 
KBaHTa COOTBeTCTByeT (POTOXHMHYeECKHH Mpollecc BOCCTAHOBJICHHA XJIOPHOTO 
*Kele3a BO BCeX pacCMaTPHBaeMbIX CJITyyanx. OG STOM CBHJETeEJILCTBYeT, Mpexk- 
We Bcero, CHHKeHHe HHTCHCHBHOCTH MOJIOc NOrowleHHA Mp OG6syyeHHH o6e3- 
PaXKe€HHbIX PaCTBOPOB XJIOPHOTO *Kee3a MOHOXPOMAaTHYeCKHM CBeToMm A 365 Mu 


} 


(puc. 3a). OgHoBpemeHHo} mpovcxogquT o6pas0BaHve JByXBasleHTHOrO xKe- | 


Jie3a, JIerKO OOHapy2xXHBaeMoro B pacTBOpe Mocyie OOyYeHHA peakuHel Cc 
0-(PeHAHTPOJIHHOM. 


Hayo MoaraTb, 4TO oOpasyromlasca B pesyJIbTaTe MOFIOWWeHHA KBaHTa CBe- 


. i ‘ 
Ta cHcTtemMa C,H,*-FeCl,;- HeycToH#uHBa H HMeeT M3BeCTHYIO BeEPOATHOCTH Ipe- | 


BpallaTbcA Kak B HCXOJHbIC NPOAYKTbI, Tak UM IO ypaBHeHHIo 
CoH ii -FeCly > CsH; +/FeCle + HCl. (2) 


Tlocnequnit IIYTb BeyleT K J\asIbHeHLemMy PasBHTHIO peakIHH. OuepuyHo, uTO 4EM 
CHJIBHeEe BbIp axXeHbI IJIEKTPOHOJOHOPHbIe CBOHCTBAa yruleBOOpoya, TEM MeHBIIe 


* 
Sey Jl MesuTusena ObIIH ONpeMesIeCHbI JIMMIb ONTHYCCKHE MJIOTHOCTH OMHOTO pacTBOpa. Tlo- 
y AaHHble O CBeETONOIOMeHHH B 3TOM PacTBOpHTee MpHBeeHEI B yCJIOBHBIX CHHHWLAX. 
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Ye ere er ot 


BePOATHOCTh BO3BpaTa CHCTeMEI peakilHH (1) K HCXOAHOMY cocTosHHD. B coorT- 
BeTCTBHH C 9THM TeM OOJIbINHM JOJKeH ObITb BLIXOL (OTOXHMMYeCKOH peakUHH. 

JlelicTBuTesbHO, H3MepeHHA KBaHTOBBIX BbIXOJOB peaKUHH cboTOBOCCTaHOB- 
J@HHA, BbIMOJIHeHHbe WIA A 365 Mp, Jaw ceqyiouue 3HayeHuA we (OL neGls): 
Aaa Oewsona 6,1-10-*; ana Tomyona 13,6-10-?; gaa n-Kcunoma 18,8-10-2. 

OTH JlaHHble CpesHve W3 HECKOJbKUX ONbITOB. Kak moKa3auIW OTIeAbHbIe OMbI- 
Tbl, KBAHTOBbIC BbIXOJbI MOUTH He MeHAIOTCA C MOBbILIeEHHeM TemMepaTypbi oT 20 
no 40°. Huskue 3HaueHua y CBUJCTEJIbCTBYIOT O TOM, YTO BEPOATHOCTb BOSBpaTa 
K HCXOJHOMY COCTOAHMIO BO BCeX H3yYeHHBIX CJITy¥adx BecbMa BeuKa. Ha6u10- 
WaeMbI B PAY TpeX H3yYeHHBIX CHCTeM POCT BbIXOJa HAXOJHTCA, KaK BUHO, 
B COOTBETCTBHH C YMCHbICHHeEM MOTeHIMaIOB HOHH3aLHH yrvIeBoLOpoos. 


98 
06 
ae 
p=) 
4 
W2 ] | 
ees oe tee LL 
500 ae mit 300 500 400 ut 300 


Puc. 3. a — BoccTaHoBeHHe XJIOpHOrO 2Kele3a B GeH30Je npH O6- 

ayuenua A = 365 mw: 1 —kpuHBaa mormomeHuaA oO o6nyyeHHa, 

2 —noce 5 MuH. oOy4yeHua, 3 — nocne 23 muH.oOyyeHHA; 6 — 

BOCCTaHOBJIeHHe XJIOpHOrO 2KesIe3a B OeH30e B TEMHOBBIX yCJIO- 

BHAX: J — KpHBad MOFOWeHHA HCXo_HOrO pacTBOpa, 2 — yepes 
4,5 uaca, 3 — uepes 17 uac., £ — uepes 65 uac. 


V3 uTepaTypHbIX JaHHbIX H3BecTHO (°), YTO BOCCTAHOBJIeHHe XJIOpHOro 2xe- 


_ JI@3a AaAPOMAaTHYeCCKHMH YIvIeBOFOpoOyaMu TIpH OAHOBPCMECHHOM XJIOPHPOBaHHu 


TIOCJIEMHHX HaOwroyaeTca MW B TEMHOBBIX YCJIOBHAX IIPH KHIA4eHHH. Kak CJIEYeT, 


 O4HaKO, 43 JaHHbIX, MpHBeseHHLIX Ha pC. 36, CKOPOCTh TeEMHOBOH peakIlHH mpH 


KOMHATHOH TeMMepaType HaCTOJbKO HH3Ka, YTO C10 MOXKHO MpeHeOpeyb MpH 


olpeyesieHuH KBaHTOBbIX BbIXOZ0B. C pyro CTOPOHbl, H3 STHX JaHHbIX BbITe- 


KaeT, 4TO XMOPHPOBaHHe apOMaTHYeCKUX YIVICBOXOPOOB XJIOPHbIM 2KeJIE30M 


-MOrJiO Ob! ObITh 3HAYHTebHO MHTeHCHULNPOBaHO JeHCTBHeM CBeTa Tip BO3- 


MOXKHOCTH OOecneyeHHA ON arolpHATHBIX ycCJIOBHH ero HCIOJIbB3OBaHHA. 


VMuctutyt pusnueckoH xHMHH Tlocrynuio 
um. JI. B. [lucap»xesckoro 12 XII 1960 
Akayemuu HayK YCCP 
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JIoxnann AkagqemMun nayr CCCP 
1961. Tom 138, Ne 1 


PH3BHTECKAAH XHMHA 


B. A. KY3HELLOB, JI. C. 3APAHHOBA, H. Ml. JIOTMHOBA, H. A. JIIOBMMILEBA, 
H. C. OHONMPHEHKO wu JI. E. WHMBAJI 


KOHTAKTHbIE PA3HOCTH NOTEHWHAJIOB MEXK]AY HEKOTOPbIMH 
)KUAKUMH METAJIWIAMH HW WX CIJIABAMH 


(IIpedcmaseaeno axademuxom A. H. Ppymkunoim 10 XII 1960) 


B pa6ote (') oTMeuamocb, 4YTO KOHTaKTHbIe Pa3HOCTH MOTeHIMasIOB MexKLy 
7KHAKHMH MeTaJIJIaMH HMCCIeQOBaHbI ellie HeJOCTATOUHO, H JOCTOBeEPpHOCTh Mouy- 
YeHHBIX Pe3yJIbTATOB B HEKOTOPEIX CIyuanx HeBenHKa. [[poyomKas ucceqoBa- 
HUA B STOM HallpaBJIeHHH, Mbl TIpOBeIM W3MepeHHA KOHTAKTHBIX pasHocTeli 
TOTeEHUMAIOB MeXKY HEKOTOPbIMH XKHAKHMH MeTaJJIaMH MW UX CwaBaMH. 

K coxasleHHio, BbIOOp OObEKTOB WIA HCCIEROBaHMA He CTOJIb WMPOK, Kak 3TO 
MOXKeT Ha TlepBbIli B3rIA noKasaTeca. Ja onpeyeseHHH KOHTAKTHBIX pa3HO- 

cTeli MOTCHIHaIOB MbI TMOJIb3yeMCA TepMO- 
3JIEKTPOHHBIM MeTOJOM, CYILHOCTb KOTOporo 

50 2. 3aKJIOUAeTCA B CHATHH BOJIBTaMMepHbIX KpH- 

y BbIX J[HOa, B KOTOPOM B KauyecTBe aHoja Hc- 

MOUb3yeTCA CHaYasa YMCTHIM MeTaJJI, a 3aTeM 

ero cnaB. B 9TOM ciy4yae O BeJIMYHHeE KOH- 

TAKTHOHM pasHOCTH MOTeHIHaJIOB MOXKHO CYMTb 

0176. 10 CABHIy BOJIbTaMINe€pHbIX KPUBbIX B HalipaB- 

JIGHHH OCH NoTeHuWHaoB. B neax NMOBbIMIEHHA 

HaJ@KHOCTH Pe3yJIbTATOB XKeNATebHO OBIIO 

ObI HCMOJIb3OBaTb TAKHe MeTAJIJIbI MH UX Cria- 

BbI, M@XKLY KOTOPbIMH KOHTAKTHbI€ pasHOCTH 

ObIIH TO BO3MOxKHOCTH HanOombuuMu. V3- 

BecTHO ('), STO MO BeJIMYHHE MOTeHIHAaJOB Hy- 

JICBLIX 3apAOB (Il. H. 3.) HaHOomee cylecT- 

BeHHO pa3suuarotca Zn, Cd, Tl, Bi, c oqHOK 

2Z 3 y vei Jee CTOpoHb, Hu Te, c aApyro#. [locKombky KoH- 
TAaKTHble pa3HOCTH MOTeHIMAaJIOB Mpesnovara- 

Puc. 1. Bonbramnepuble Kpupple:  IOTCH OIM3KHMM K pa3HOCTH TI. H. 3. (*), He- 
1—Sn, : Ais Sn — Tl Jlecoo6pa3sHoO MpON3BOAHTb UX OlpeseleHua 
23,871) MexKyY YyKa3aHHbIMM BBbIWWe MeTalamH (Zn, 

Cd, Tl, Bi) u ux cnmaBamu c Te. OnHako mpu 

MOATOTOBKE OMIbITA 2KUAKHE METAJVIbI MOABepraioTcaA JIMTeMbHOM OTKauKe B Ba- 
Kyyme. Ilostomy ucnomb3oBpaHve Zn u Cd 3aTpyHeHO, TaK KaK OHH MMeIOT 
BBICOKY!IO YIIpyrocTb NapoB. Kpome Toro, MHOrve MeTaJIJIbI, B TOM uvce u Bi, 
oOpasyror c Te xumuueckue CoeqHHeHUA C JOBObHO BbICOKHMH TeMMepaTypamMu 
MaBIeCHHA, YTO 3aTPyAHAeT NOJyYeHHe KOHIEHTPHPOBaHHIx m0 Te cmaBoB. 

Hyke IpHBOLsTCH pesyJIbTaTbI H3MepeHHA KOHTAKTHBIX pasHOcTell Mexyy 
Sn 4 cnmasom Sn — TI (23,8% Tl), Tl u cnmasom Tl — Sn (49,8% Sn), Tl u 
cniaBom Tl — Te (50,5% Te), a Taxxe Bi u cnmapamu Bi — Te (3,6% u 9% 
Te) . Bce KoHIeHTpallHH JaHbl B ATOMHBIX Mpotentax. PesymbraTbl STUX H3Mepe- 
HHH COMOCTABJIAIOTCA C PaSHOCTbIO Il. H. 3. M€TAJIJIOB H COOTBETCTBYIOMIHX Ciia- 
BOB. Takoe conocTaBleHHe, Kak H3BecTHO (°), MpeycTaBNAeT SombUIOH HHTepec 
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i(ycnobn. ed) —> 


Ss 


< <i seer =e 


= eon ean 
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Wmenuio K ml. H. 3. Sn u TI, mpuuem B nep- 


B CBA3H C Ppa3BHTHeM YUeHHA 06 INCKTPOABHKYMHX CHIaxX YlraJIbBaHHYeCKHX 
3JIEMCHTOB. 


Mcnomb3so0Bpanuple B padote Bi u Sn umenu no uuctote Knacc B —8, TI co- 
Repxkal 3arpasHenua Fe, Pb u Cd B konnuectse oKowo 0,02% *. Te Obi Nonyuen 
yTeM JBYXKpaTHOH BO3rOHKH B BakyyMe XHMMyeCKH 4HCTOorO Te. MetonzuKa 
W3MepeHHit MOApoOHo onvcana B ('). Bce usMepeHua MpoBeeHbI Np TemMepaty- 
pe 450°. 

BoubtTammepHbie KpuBble Jia Sn u cnmapa Sn — TI (23,8% Tl) mpuBeqexsi 
Ha pue. 1, a qua Tl ucnnaBpa T1—Sn (49,8% Sn) Ha puc. 2A. KountaxTuas 


_ pasHOCTb NOTeCHWHaIOB paBHa B_ Iie€pBOM 


cayuae 0,17 B, a Bo BTopom 0,25 B. 80 

UrtoObl ConocTaBuTb KOHTaKTHbIe pasHOcTH 
MOTeHUHAJIOB C Pa3HOCTbIO Il. H. 3., MbI ompe- 
eH M1. H. 3. H3 3SeCKTPOKAaMMIApHbIXx 
H3MepeHHi. PesybTaTbI 3THX oOnpeseneHuli 
lipeAcTaBJeHbl Ha pc. 3 B BHe 3aBHCHMOCTH 
Il. H. 3. OT CocTaBa cnaBoB. Kak BHAHO H3 
puc. 3, 1. H. 3. yKa3aHHbIX CIaBOB C],BHHY- 
Tbl COOTBETCTBEHHO Ha 0,14 u 0,22 B no OTHO- 


S 


ifycno6n e8,) —> 
> 
S 


20 


BOM CJIy4ae — B OTPHIlaTeJIbHY!O, a BO BTO- 


'pOM — B HOJIOHKUTeEJIBHY!O CTOPOHY. A J ad ce 


BoubTamnepuble KpuBble Tl u cnuaspa T1— 
Te (50,5% Te) mpegcTaBneHbI Ha pyc. 2. Puc. 2. BonstamnepHeie KpuBbie A: 
KoHTakTHad Pa3HOCTb NOTeHI[HaJIOB B 9TOM aa Tl, 2—cnaap TI — Sn (49,8% 
cayuae paBHa 0,658. Jlanupie o 11. H. 3. cra- ni B: 160 ay Te) cnaap Th Te 
BoB Te — Tl mpuBegennt B padote (*). Kak a 
cmeqyeT H3 9TOM padoTH, 1. H. 3. cnmaBa Tl — Te, cozepxamero 50,5% Te, 
CIBUHYT Ha 0,678 B MOMOMKUTebHYIO CTOPOHY MO OTHOINeHHIO K NOTeHILHay 
HyeBoro 3apaya TI. 
s~ BoubTammepuHble KpuBble Bi u casos Bi — Te, cogepxautux 3,6 19% Te, 
IIpHBeseHbI Ha pvc. 4. Kak BuyHO H3 9THX PHCYHKOB, KOHTAKTHBIe paSHOCTH M0- 
TeHIHaIOB Mexky Bi u cnmaBamMH 
Bi— Te aHHbIX COCTaBOB paBHbI 
“06 ~~ coorsetcTBeHHo 0,3 u 0,35 B. Ipo- 
BeJleHHbIe HAMM 9JIeKTpOKanMAp- 
-94  Hble H3MepeHUA NoKasaJiv, YTO 11.H.3. 
“ cnaBoB Bi— Te cyBHHYTH B 10- 
JIOKUTEJIbHYIO CTOPOHY MO OTHOIIe- 
-Q2 wHwio KT. H. 3. uncToro Bi Ha 0,25 u 
Suite 0+ 2.06. 08 Tt 0,33 B COOTBETCTBEHHO. 
NTL—> V3 MosyueHHbIX pe3YJIbTaTOB BBI- 
TeKaeT, TO KOHTAKTHDbIe pa3HOCTH M0- 
Puc. 3. SapucuMmoctb n. H. 3. cnaapop Sn —Tl TeHWHaJOB Mex TY HCCJIETOBAaHHbIMU 
oT cocraBa HaMH MeTaJiaMH WH HX cnwlaBaMi 
JIeHCTBUTeJIbHO OJIM3KH K pa3HOCTH 
TIOTEHHAIOB HYJICEBLIX 3aPAJOB COOTBETCTBYIOWIMX MeTAaJIOB WH HX CIVIaBoB. 
Takum o6pa30m, lpesnomoxKeHve O MpHGMH3NTebHOM CoBMayeHHM yKa3aHHblXx 
BeJIMYMH, BbICKa3sanHHoe A. H. ®pymKuupm (°*), MOyuaeT 3eCb JONONHHTeb- 
Hoe NO{TBepxKJeHHe. 
O6pamaer Ha ceOA BHUMaHHe Crezyroulee OOCTOATeIbCTBO. BoubTaMMepHble 


y, 6 no omn. Fy anex. 


-Q6) 


| KpuBbie cnaBosB T]1 — Sn, Tl — Te u Bi — Ti cCaBuHYTHI B CTOpoHy Ooviee no- 


JIOMKUTEbHBIX MOTCHIMaIOB B CpaBHeHHH C BOJIbTaMMepHbIMH KpPHBbIMH Tl] H 
Bi (puc. 2, 4)). Sto, ovepugqHO,osHayaeT, YTO paOoTa BbIXOa 3/IeEKTPOHA H3 yKa- 


S3AHHBIX CIJIABOB BbIlle, YEM H3 COOTBETCTBYIOULHX UHCTHIX MeCTAVJIJIOB. IIpu 3TOM 


* Cnekrpambublii ananu3 Tl mposoguaca P. [TyTKHHOH, 3a YTO aBTOPH BbIparKaloT eit Ou1a- 
roylapHocTb. 
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Il. H. 3. CMJaBOB OKa3bIBalOTCH CMEINeHHbIMH B MOJIO%KHTEIbHYIO CTOPOHY Ha Be- 
JHUHHY, MIpHMepHO paBHYIO KOHTaKTHOH pa3HOCTH MOTeHWManoB, Hanporus, 
BOJIbTaMMepHad KpHBaAd ciwuBa Sn — Tl cABHuHYyTa B CTOPOHY MeHee MOJIO%KH- 
TeJIbHBIX OTeHHaloB (puce. 1), uTOo cBumeTeNb- 
CTBY€T © CHHXKeCHHH paOoThI BbIxXosa 93IeKTPOHA 
W3 cmwiaBa B CpaBHeHHH c pa6oToh  Bpxola 
yaa Sn. Bmecte c TeM I. H. 3. cnwaBa OKa- 
3bIBAeTCAH CMeLICHHBIM B OTPHIlaTeIbHy!O CTOpOHy. 
STHM MOMTBEPKLaeTCH HaNHUHe Napaeu3Ma MexLy 
ll. H. 3. MeTaJIJIOB HM padoTOH BbIXOa 3/IeKTPOHOB H3 
HHX, yCTaHOBeHHOrO B pacote (°). 
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10 Puc. 4. BombTramnepHple KpuBpie A: 7 — Bi, 2— cnnaB Bi —Te 


(3,6% Te); B: 1 — Bi, 2—cnnaB Bi — Te (9% Te) 


B s3aKkuroueHve BbIpaxkaem ruyOokyto OjlarofqapHocTb akag. A. H. ®pym- 
KMHY 3a HCKJIOUNTeIbHOe BHHMaHHe K Hallie paOoTe WH IeHHBIe COBeTHI. 


Ypapekuh rocyzapcTBeHHbI yHHBepcHuTeT LloctymHs10 
um. A. M. ToppKoro 25 XI 1960 
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| ae PH3HTECKAA XHMHA 
9. M. PABHHOBHY 


Ob OMPENXEJIEHHH KPHUBbIX OBPASOBAHHS WEHTPOB 
KPHCTAJIJIMSALMHW HW CKOPOCTH POCTA KPHCTAJIJIOB 
B CTEKJIE NOCPEACTBOM H3MEPEHHA IMJIOTHOCTH 


: (ITpedcmaeaeno axademuxom A. B. lly6xnuxoseim 13 XII 1960) 
 -Tloctpoenve TaMMaHOBCKHX KPUBbIX 3aBHCMMOCTeH, WHCNa WeHTpoB KpucTau- 
| ausaunu (KV) 4 awuHelHOo CKopocTu pocta KpHcTa0B (KG) oT Temmepatypbt 
(!) Qa CHuIMKaTHEIX CTeKON Tpe6yeT IpoBeeHHA UpeSBbIYaHHO TpyOeMKOrO Hc- 
' cneqopanua. B cayaae oOpas0BaHHA MO JeHCTBHeM MHHepaIH3aTOPOB MeJIKO- 
KPHCTasIIM4eECKOH CTPyKTyPbI Takoe HC- 
CJleOBaHHe MOXKET ObITh OCYINeCTBJICHO 
TOJIbKO C MIOMOLIbIO 3JIEKTPOHHOFO MHK- 
_ pockona, 4To elle GOonee 3aTpyAHAeT 
_ BO3MOXKHOCTH MpakTHYeCKOrO HCIOJIb30- 
-BaHHA YKa3aHHbIX KPHBbIX JIA yrpaB- 
 JIQHHA KPHCTaHsanen. 

B Hactosuleh cTaTbe u3JiaraloTcCA 
Pe3yJIbTATLI H3yYeHHA KPHCTaINUsaLUU 
| HM MeETO MOCTPOeCHHA KPHBbIX, AHAOrHY- 2 
i HBX KV u KG, asa cTeKon, cofepxKa- 7000 ~=—-900 800 700 °C 
et EP SINSATOPEl, HYTEM HSMEPe- pac. 1. Wsmenelue maornocru e cTeKila } 

HHH MJIOTHOCTH, 3HAYCHHE KOTOPOH 34-2 pesynnrate AByKpaTHOIi TepMooOpa6orKH. 
_BHCHT OT KOMMaKTHOCTH yNaKOBKM Be- Ha ocu adciucc— TemmepaTypbI nepBHyHol 
IWeCTBA, A CJIEJOBaTeIbHO, MH OT CooT- COpadorkn ANA KpuBon J (1 uac, Bropuyunaa 
HOMEHHA KpuCTagamNeciHX m creKaio- O6PaGorKa 30 ann. npH SAO) H rewnepary 
o6pa3How cas. Jia cTekla, COCTaB KO- 5 a 
_ TOporo COOTBeETCTByeT cocTaBy ompele- YAp (1 uac, neppuyHaa OOpadorKa 1 ac 
JIGHHOTO XMMMYeCKOrO COeMHeHHA, He mpx 750°) 
_jipeTepneBaiomlero MOJMMOpHBIX lpe- 
 BpallleHHH, 93Ta 3AaBHCHMOCTb .MOXKET ObITb pescTaBeHa BbIparKeHHeM: 


Ap = p— Po = (Px— Pc) P, 5 (1) 

Tye p —MJOTHOCTb BelleCcTBAa, CTeMeyb KPHCTaIM3alluH KOTOporO (B OOBeEMHBIX 

YaCTAX) paBHa P; P.— MJIOTHOCTb BellleCTBa B CTeKMOOOpasHOM COCTOAHHH; 

| Px — IWIOTHOCTE BelllecTBa B KPHCTAJIMYeCKOM COCTOAHHH; Px > Dew eee 
Jlerko MoKa3aTb, 4TO 


2cm3 


ee 


r 


aie 


ree ee 


7 


78. 


p = kn, (2) 


rye 1 — cpequnit muHelinbiii pasmep KpucTasJia, m — 4HCO KpHCTaJVJIOB B e]H- 
Hue oObeMa; k — NOCTOAHHaA, 3aBHCALLaA OT POPMbI KpHCTaJNOB. 
B cayuae COMKHBIX CTEKOM 3HAYCHHE Py ABJIACTCA CPeTHEl BSBeLICHHOH Be- 
_ MUMHOM M3 MNOTHOCTeM BCeX KPHCTaIMYeCKHX (a3, B CBASH C 4eM BbIParmkeHve 
(1) Waa 9STHX CTeKON MoxeT ObITb MpMMeHeHO, CCH CTelleHb KpucTamJH- 
/3auuv foctaTouHO BemuKa (nopsgzKa 0,3—0,5). 
> Jina uccneqopaHua Obiin BhIOpanbl CHHTC3HPOBaHHble B Muctutyte 31eKTpo- 
{ TeXHHUeCKOFO CTe€KJI€@ MHOFOKOMIMOHEHTHBIE aJIKOMOCHJIMKaTHBIe cTeKsIa 
“I (pc = 2,610 r/cm*) u II (pe = 2,875 r/cm’), cogepxamive TiOz B KauyecTBe 
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MHHepastu3aTopa, H CBeTOUyBCTBHTebHOe cTeKO III (p. = 2,360 r/c”), Cco- 
jlepxKaulee Masibie MoOaBKu cepeOpa. Husume TemMnepaTypbl, pH KOTOPbIX B STHX 
cTeKlaX MOABJIAIOTCA BHEWWHMe MpH3HaKH KPHCTAJVIM3alHH, TAaKOBbI: CTeKJIO 
I 830° 1—8 uac.; crexso II 930° 1 4ac, 900° 4 uaca, 850° 8 4ac.; crekao III 


550—600° 1—2 uaca (B 3aBHcHMocTH OT oOOuly4eHHs). 


[lnoTHocTb onpellesst1aCb MeTOJOM FHApOcTaTHYeCKOLO B3BelMMBaHHA Ha aHa- 
jIMTMUeCKHX Becax. OOpasibl CTeKOJI B KONMYeCTBE He MeHee 3 AIA OMHOFO oMpe- 


0 2 4 6 Y0C. « 
Bpema abpabomxu npu 930° 


Puc. 2. U3Menenue n0THocTH pe cTeksla | 

B 3aBHCHMOCTH OT BpeMeHH TepBHYHO 

(750°) 4 BropHuHon (930°) Tepmoo6pa- 
6oTKH 


Baa J aHanoruuHa KV; 
cpeqHemy OObemy KpHcTasia, a Ha 
3 


Kpusoh V Ap— cpequeit yuHHe 
(HIM CKOpOcTH pocTa) KpHcTaa, 
3 


v.e. KpuBaasV Ap ananoruuua KG. 
OyHaKO yCJIOBHe He3aBHCHMOCTH 
pasMepoB KPpHCTala OT yCOBHH 
Tl€pBHYHOH oOOpaboTKH, T.e. OT 
YHCJla ICHTPOB B eHHULe OObema, 
BHINOJIHACTCA TOJIbKO [JI He OUCHb 
BbICOKHX CTeneHeH KpHCTaJH3a- 
WMH, KOra KaxKUbA KpHCTaJ 
HaXOJUTCA JOCTATOUHO ayleKO OT 
cocequero. B oco6eHHOCTH 3TO He- 
-OOXOJMMO YUUTHIBATbh [JIA CTeKO, 
B KOTOPbIX IeHTPbl KPHCTaJIu3a- 
ILHH pacioJIOx%KeHbI Ha paccTOAHH- 
AX TopayqKa l—2y Apyr oT Apyra. 
Kpusple pc. 2 mo3BO/IAIOT yOeHTb- 
A B TOM, 4TO YCJIOBHA Mpebiqyile- 
TO OMbITa ObWwIH BbIOpaHbl mpa- 
BHJIbHO. Ecau BpemMsa o6pa6oTKH 
mpH 930° He npespnuaet 1,5 4a- 


JIe@IeHuA MOABeprasucb JBYKPaTHOH TepMo- | 


o6paoorke ('). Llembio nepBHuHol oOpaboT- 
KH, Mocie KOTOpOH B OOpa3ijax He 3aMe- 
yaslocb HHKaKHX BHeWIHHX MpH3HaKoB KpH- 
CTaIIH3alHi, Oblwio OOpas0BaHHe HeBHH- 
MBIX IJCHTPOB KPHCTaJJIH3allHu, BTOpH4- 
HOH — HX poct. 

Ha pue. 1 npuBolxatca KpHBble H3MeHe- 
HHA MOTHOCTH cTeKIa I Moce KpHCTaJJIH- 
3allHH C MOCTOAHHOH TemMepaTypoH BTO- 
pHuHOH TepMooOpaboTKH (KpHBaa 1), COoT- 
BeTCTBYIOWleH TeMlepaType MaKCHMyMa 
TlepBoro 9K30TepMHyecKoro 9addekTa Ha 


Tepmorpamme (930°), Hc MOcTOAHHOH TeM- 


llepaTypoH nmepBuyHoH oOpadoTKH (KpHBbIe 
3 


2, V Ap); Bpema Tol H Zpyroi o6pa6orKn | 


MOCTOAHHO (Ia OHOK KpHBOH. Ecam npu- 
HATb, YTO CpeHHe pa3Mepbl KPHCTAaJIJIOB 


He 3aBHCAT OT YCNOBHH MepBHYHOH OOpa- 


OOTKH, TO KaxwKoe 3HaYeHHe p — Pc 


Ha 


KpHBoi J MponopiwoHambHo, corsacHo” 
(1) w (2), "HcCTyY WeHTpoB KpHCTanmMsaluu B eMHMIe OObeMa, T. e. KpH- 


Kamwkoe 3HayeHHe Ha KpHBOH 2 MponoplvoOHaJIbHO 


2/cm3 
254 


293 
292 
I 291 


290 


600 


700 800 C 


Puc. 3. H3menenve maornoctu pe crtekua II B pe- 
3yJIbTaTe J[ByKpaTHOH TepMooOpaboTKH. Tlepsuu- 
Had OOpaborka | yac; BTopHuHad OOpaborKa: J— 
luac npu 850°; 2—2 uaca npn 850°; 3—30 mun. 
pu 950° + 


‘Ca, TO YBeJIMYeHHIO BpeMeHH NepBHYHOH OOpaboTKH mpH 750° BaBoe HU, CreNO- 
BaTeJIbHO, YBCJIHYCHHIO BABOe YHCa WeHTPOB KPHCTa/IMH3allHH OTBeYaeT YBeVIH- 
WeHHe BBOe Pa3sHOCTH p — pc. IIpH Gomee ANHTeEIbHOM BPeMeHH BTOpHYHOH 
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OOpaooTKH 9Ta MPOMOPUHOHANbHOCTD HapyllaeTcA, H YCJIOBMe NpaBMAbHOFO M0- 
CTpOeHHA KPUBbIX, aHaslorMyHElx KV u KG , we coGmoaetca 
Puc. 3 moKa3biBaeT, UTO HeBepHO BbIOPAaHHble YCOBUA BTOPHYHOH OOpaboTKU 
 erekia IJ, o6OecneunBatonulue caHUIKOM BbICOKYIO CTeMeHb KPHCTaJM3alluH, 
_ MpHBOAAT K H3MeHeHHIO (OpMbI KPHBEIX 2 4 3 m0 cpaBHeHuiO C KpuBoH J, a TaK- 
2#Ke K CJIBHry MaKCHMyMa. 
Ha pwc. 4 npusesena KpHBaad M3MeHeHHA TWVIOTHOCTH, aHasloruuHaa KV, 
' Asa crekia III, npeqpapurenbHo o6y4eHHOrO yubTpapHoueTOBbIMM JIyyaMH. 
B KayecTBe MepBOH KPHCTaMYeCKOH CHIMKaTHOM (basbl B STOM CTeKJe BbIIe- 
_ asetcs LieSiOs. Wentpama Kpuctaiiusauuu erocay- , 
_ %KaT, N0-BUAWMOMY, MesbualiuiMe KpPHcTaMKH cepe- | efor 
Opa, oOpasoBaBliMecaA ene paHbitie (4); mpn Oomee { 237 
HH3KOH TemMlepaType BTOpHuHOH oOpadoTKH (S00— gy” 
500°) OHH BBI3LIBaIOT KOJIJIOHIHY!0 OKPaCckKy CTeKJIa 6e3 \ 236 ? 
KPHCTaIH3auHH OCHOBHHIX (a3. IleppuuHas Temne- A 0G 400 °C 
patypa, K KOTOPOH OTHOCHTCH MaKkCHMaJIbHaad HHTeH- 
CHBHOCTb OKPacKu, cooTBercTByeT Temmepatype mak- xc. 4. Uameneuve naor- 


3 HOCTH e OOsYy4 : 
CHMyMa Ha KpMBOM u3MeHeHHA moTHOcTH (puc. 4). aa TT's earithir ae 


Fz 


is > eae 


STO COOTBETCTBHe, KaK HM COOTBeETCTBHE MCA]LY TEM- kpaTHOH Tepmoo6pa6orku. 
She's Ileppuynaa o6pa6orKa | 

nepaTypoH mMakcumMyma KpuBol 2(|/ Ap) ana creksa ac; BropHunaa o6pa6orKa 

o % fo) 

I (puc. 1) u Temmepatypoii makcumyma 2pdexta Kpu- 30 Mux. mpu 720 


cTaJIM3auu Ha TepMorpamme (930°), nozTBep»KaeT 

IIPaBHJIbHOCTb MIPHMCHEHUA H3MePeHHi MVJIOTHOCTH JIA KOJIM4YeCTBEHHOM OeH- 
KM KpHCTaIM3alun COjepxallHX MHHepaMsaTOpbl CTeKON. 

Pa3MepHOCTH MvlomaqeH no KPHBbIMH THna KpuBbIX / H 2 Ha puc. | ogu- 
” HakoBBI (r -rpaji/cm®), MOSTOMy OHH MOryT YCJIOBHO XapaKTepH30BaTb KpUCTaJAH- 
‘ 3allMOHHy1o cnocoOHocTb cTeka. UroOpi BHecTH nompaBKy Ha oOOpasoBaHue u 
pOcT HOBBIX ICHTPOB IPH TemMmepaTypax BTOpMYyHOM OOpaooTKH, 9TH MIOMLaLH 
 CHH3y CilefyeT OrpaHv4HBaTb KPHBbIMM 3HaYeHHM MOTHOCTH OOpasyoB, Mo,- 
| BeprHyTbIX TOJIbKO BTOPHYHDIM OOpaOoTKam 6e3 mepBHuHBIx. Jina crekaa | 
) IPH 3TOM MOy4aloTCA SHAYeEHHA, PAaBHble WIM HECKOJIbKO MeHbUIHe P.(2,609 r/cm® 
" nocue 4 uac. npu 930°, 2,612 — mocuie 8 uac.). OTH KPMBBIe ABIAIOTCH TaKKE 
' B HEKOTOPOM CTeneHH MOMpaBKOl K BbIpaxenuio (1). 

: Kpuspie puc. 2 uw pacuets mo (1) u (2) nosBoumIoT ycraHOBuTb KHMHeTUKY 
YMeHbUICHHA JIMHCHHOH CKOPOCTM POCTa KPHCTaJJIOB, BbIsBaHHOrO MaJIOM CKO- 
pocTb1wo Aubpby3suH, cO BpeMeHeM IPH MOCTOAHHOM YHCJIe WeHTPOB KpUucTasH- 
3allHH. 

_ Vismepenusa nmorHoctu MoryT ObiITb TakxKe HCIOJIb3OBaHbI JIA W3yyeHuA 
> BMH yCNOBH OOyIeHHA Ha CBETOUYBCTBUTeMbHOe CTeKJIO MPH MOCTOAHHBIX 
_ yCuOBHAX TepMooOpaoorTku. 
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PHSHYECKAH XHMHA 


Akanemuk AH BCCP H. H. CHPOTA u E. M. FOJIOJIOBOB 


ATOMHOPACCEMBAWOWINVE PAK TOPbI WH PACHPEAEJIEHHE 
3JIEKTPOHHOU NMJIOTHOCTH B AHTKMOHHE PAJWJINA 


HacToslumM vcceqOBaHveM HaMM HavaT WAKA paOoT Mo H3yYyeHHIO pacnpe- 
JIQCHHA 3JIEKTPOHHOM MJIOTHOCTH B aHTHMOHHaxX JICMeCHTOB TPeTbeH Tp yibl 
nepHonuueckor cuctempl Jl. H. Mengeneesa. AHTHMOHH] rasuA Kak noynpo- 
BOJHHKOBOe COCAHHEHHE XapakTepH3yeTCA 3HAYHTeEMbHOM MOBHXKHOCTbIO HO- 
cuTeslell TOKa — 3JIEKTPOHOB MV AbIpOK. Cpequ ~Apyrux coemnHenul A!!BY ono 
oOslanaeT HaHOolee HH3KHM 3HAYeHHeEM OTHOIeCHHA STHX NOABMKHOCTeH. I[]H- 
pHa 3anpemleHHoH 30HbI GaSb cocTaBsaeT BenuunHy nopsnKa 0,8 9B (1) — He- 
CKOJbKO Gobulyio, vem y repmMaHHa. B cBa3u c npoOmemow xXapakTepa MexK- 
ATOMHOMi CBA3H B MOJYNPOBOAHHKOBEIX coequHeHuax A'UBY ysyyenne pacnpe- 
JeeHHA SJCKTPOHHOM IMWIOTHOCTH B aHTHMOHWJe TatuA mpemcTaBaseT Oomb- 
WOH Hay4HbIli MHTepec. 

OObeKTOM HCCeIOBAHHA CY2KHI AHTHMOHMA, rasHA, NOMYGeHHI B Ja- 
Oopatopuu MucTutTyTa peAKHX MeTaJJIOB HeMOCpeACTBeHHBIM CIJIaBJICHHeM B 
KBaplleBbIX AMIYJaxX H MOABeprHyTHIH 30HHOMYy BbIpaBHHBaHHIo. [lonuKpuc- 
TalJiMuecKHH OOpasell pacTupasica B araTOBOH cTyNmKe. SaTeM MOpowOK OTMY- 
YHBaJICA B TONyOue. Jia uccelOoBaHUA Opasica MOPOMWIOK c pasMepoM YacTHUeK 
5—8 w. Pasmep 4acTHueK KOHTPOJIMpOBaJICA MO MHKpOcKONOM. 

CbemKa peHTTeHOrpaMM TIpoH3BoAHacb Ha ycraHoBKe YPC-50M B Cu Kz- 
H3J1yueHHH. OmnpefeyieHHad HaMH MOCTOAHHAA 3QJICMCHTApHOH s4ueHKH a = 
= 6,087 A xopomo copnagaeT c JHTepaTypHBIMH 2aHHEMy (2). MeroquKa CbeMKH 
H pacueThl Obl aHAJIOrMYHbI ONMCaHHbIM pauHee (* ©). Ha ocHopaHuu onpeneve- 
HHA aOCcOn1OTHBIX 3HAYCHHM HHTCHCMBHOCTeH pecbleKCOB, OTPaxKeCHHBIX OT IVJIO- 
cKOcTeH C YeTHBIMH HHJeKCaMH, CYMMA KOTOPbIX JlenuTca Ha 4, OT nmmocKocTel 
C He4eTHBIMH HHAeKCaMH H OT MOCKOCTeH C 4eTHBIMH HHeCKCaMH, CYMMa KOTO- 
pbIX He JeIMTCA Ha 4, ObIIM NOCTPOeCHLI KPUBble KBaLPaTOB CTPYKTYPHOM amMun- 
TYJbl, OTHECEHHOM K tOpMyAbHOM efHHUUe GaSb (puc. la). Ilo qaHHEmM KBal- 
PpaTOB aMMMJIHTY BbIMHCIeHbI! 3HAYCHHA ATOMHBIX pacCCeHBaIOlWlHx (akTOPOB 
MOHOB CYPbMbI H HOHOB rasmua (puc. 16). 

JlorapudMbl 3HaveHHH aATOMHOpaccenBaloulNX CaKTOPOB HOHOB CYPbMBI H 

3 
raJJIHA, HAYMHAA CO 3HaUeHHA Dine 8, MOx*KaTCA Ha TIpAMble JIMHHH (pHc. 2). 
é=1 
Ana norapH@MoB aTOMHOpacceHBaIonluxX PaKTOPOB JHMUIb NepBble Be TOUKH WA 
HOHOB CYPbMbI H MepBble TPH TOUKH JIA MOHOB Faia SHAYHTEIBHO OTKJIOHAIOTCA 
OT TIIPAMBIX H, TaKHM O6pa3oM, OOYCJIOBMMBaIOT OTJMUMe B MeKHOHHOM pac- 
(IpeMesIeHHH SJIEKTPOHHOM MJIOTHOCTH OT pacnpememeHua Tuma Taycca. 

Ilo 7aHHbIM 3HaueHHAM fsp HW fca NPOHSBOLWICA TOCueT 3JIEKTPOHHOH 11u10T- 
nocTH (*). IIpH nogcuete pe6po semeHTapHou sueliKU JemHsocb Ha 60 paBHBIX 
yacteh. Ha puc. 3 npHBeseHbI KPUBble pacnpeeeHuA 3ICKTPOHHOM MIOTHOCTH 
B HanpaBsleHHn [111] B maockxoctn (110) (pac. 3a) u B HanpaBnenun [113] 
B TOM %Ke TwocKocTH (puc. 36). 

CoracHO NOJY4eHHBIM JaHHbIM MOXKHO ONPeMeAUTh 3HAYeEHHA HOHHBIX pa- 
J\HYCOB HOHOB ramHA HW CyppbMbI. Ha ypoBHe 31eKTPOHHOM MIOTHOCTH, paBHOW 
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WT 
ql 
1 


| seKTpoH Ha KyOwyecKHii anrcTpeM, MOHHBI paquyc raniua paBeH npHOsmH- 
_3uTenbHo 0,5 A, cyppmei 0,8 A. Ha yposne anextponnoit naotnoctu 0,5 an/A8 
_ HonnbIi paquye ramus 0,75 A, cyppmtr 0,8 A. Iru sHagenus HOHHBIX paquycoB 
-MOrYT ObITb COMOCTABJICHEI C UHCIOM SIEKTPOHOB, HaXOMAUIHXCA B OObeMe HOHAa 
_ AaHHOTO payuyca U, CMeMOBAaTeIbHO, C YMCJIOM 3JIEKTPOHOB, HaXOMAULMXcaA Me- 
Ky Monamu. Bnecte c Tem noyyeHHble JaHHbIe CBUETEMECTBYIOT 06 YCOBHO- 
| CTH KaK NOHATHA CaMHX HOHHBIX pafMycoB, TaK HU 
MmpefcTaBeHuH O CTPyKTypaxX MMOTHOM ymaKkOBKH. 

O6pamjaeT Ha ceOa BHUMaHMe XapaKTep pacnpexe- 
JIGHHA SICKTPOHHOM HJIOTHOCTH M@*Ky HOHAMH Cypb- 
MBI HW raja B HanpaBaennn [111] (pac. 3a). Orme- 
THM 3aCJIy2KUBaIOllHh BHHMaHUA dakT, 4TO B OOsac- 
TAX, PACIOJIOKEHHEIX BONM3H MOJOBHHBI paccToAHHA 
(°/s °/s °/s) MexKY WOHaMH TasWMa W CYPbMbI B Ha- 
npapenuu [111] 1B HanpaBaenunu [113] B mmocKocTu 
(110), snekrpoHHad muoTHOCTh mpakTMuecku mamaer 
mo nya. Mexazy OnmxKaliniuMu HOHaMM rainua u 
CYPbMBI 9JIEKTPOHHAad MVJIOTHOCTb BOIH3H TOUKH 
“s/s 1/8 cumxKaetca no 0,36 an/A®, o6pasyst «MOCTHK» 
3JIEKTPOHHOM MJOTHOCTH. 


9 10 20,30 40 50 
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A: l,2 , 

‘|/Puc. 1. a— u3menenne F? B 3aBncuMocTH OT De: : 1 — Aaa pebeKcoB C YeTHBIMH HHAeKCaMH, 
; eal 

CyMMa KOTOPBIX JleHTCA Ha ueTHIpe; 2 — nua pecbieKCOB C HeYeTHBIMH HHAeKCaMH; 3 — JWIA 


pedieKcoB C 4eTHBIMH HHJeCKCAMH,CyMM@a KOTOPBIX He JeJIHTCA Ha YeTHIPe. 6 — pee cg aTOMHO- 


2 
pacceHBaloulHx akTopos voHOB cypbMbI (/) uw rammua (2) B 3aBKCHMOCTH OT p2 hi 
— 


Puc. 2. UsmMenenue sorapudma aTomHopaccenBatoniux (pakTOPOB HOHOB CypbMbI (/) uw ranmua (2) 
B 3aBHCHMOCTH OT yh 
i=] : 

\ B uanpasnenuu [111] mexgzy Sb u Ga B6nu3n TouKu 4/s 3/4 3/4 Ha6mogaetca 
.|06aCTh HECKObKO MOBbILNICHHOM 921eKTpOHHOM moTHocTH. (oT 0,12 go 
16 9n/A?). BOnusu TouKu 1/2 1/2 1/2 Take HaOMOfaeTcA OONACTb HeKOTOpOTO 
IOBLIMICHHA 9eCKTPOHHOM maoTHocTH oT 0,08 yo 0,12 a1/ AS. 

_) Ha puce. 4 npupenena kapta pacnpeyeeHusA 2eKTPOHFOH MJIOTHOCTH B MJI0- 
koctu (110) snementapHol sueliku GaSb. IIpu anamusze xapaxtepa 3Toro pac- 
PEeNCHUA NOJOKHBI OLITD OTMEUeCHEI HEKOTOPbIe OCOOeHHOCTH. Ha xapte oTueT- 
MBO BUIHbI YMOMAHYTHIC «MOCTHKM> MOBBIINeHHOM 3/ICKTPOHHOM MJIOTHOCTH 
SKY OnWKamuMU HoHamH Sb u Ga c 3/1eKTPOHHOH MJIOTHOCTHIO 0,36 9n/A3 
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(HwKHAA GacTb pH. 4). Mexjy woHaMu ralaus, PacnoulO*KeHHBIMH B Bep xHei 
yacTH pHCyHKa, M MOHAMM CypbMBI HW Talus BHM KHeH YaCTH PHCYHKA, BbI- 
ABNACTCH MOOCA TOHMKEHHOM IJICKTPOHHOM MJIOTHOCTH, B KOTOPOM, OHakO, 
MOXKHO OTMCTHTb HM3BeCTHBIC pasJIMUMA B pacipeeeHHM 3/ICKTPOHOB. 


b 
Ga Sb Ga Ga SS) % 
, INA 


6 300 


eae ee a aes eR, OA C2194 A 


Puc. 3. Pacmpegzesenve 3IeKTpOHHOM MIOTHOCTH B 3JIeMeHTapHOH s4eli- 
Ke B nocKkoctH (110): a —B HanpaBJeHHH [111] u 6—s HampaBieHun 
113 
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Puc. 4. Kapta pacnpeseieHus 3eKTpOHHOHM MJIOTHOCTH B IVJIOCKOCTH 
(110) s1ementapHoi sueiku GaSb 


OnpelemeHHble B HacTOAueH paOoTe aTomHopacceHBaloulve (akTOPbl HOHO! 
raJIMMA WU CYPbMbI VM BbIABJICHHaA KapTHHa pacmpeeseHHA SIEKTPOHHOM MOT 
HOCTH B pellleTKe MOJLyYNpOBOLHHKOBOrO CoeqHHeHHA GaSb MoryT ObiTb Nose3sHb 
ap oOcyKeHHu OcOOeHHOCTH XapakTepa MexKAaTOMHOFO B3aMMOJeHCTBHA | 


usH4eCKHX CBOHCTB STOO COeMHeHHA. 


Orgel (bu3snHku TBepforo Tesla HW NOJIyMpOBOAHHKOB Tlocrynuio _ 
Akanemun Hayk BCCP 12 XII 1960 
WHMTHMPOBAHHAA JIATEPATYPA 


iT. Beakep, [. Beitice, C6opn. Hosbie nomynposoguuKosple MatepHas', 1958 
G.. Giesecke, H. Pfister, Acta Cryst., 11, No 5 (1958). *H.H. Cupoma 
-M. Onexuospuy5, A.Y. Wleaer, LAH, 182, Nel, 160(1960). *H.H. Cuporta 
.¥. leaner, AH, 135, No 5 (1960). © H.H. Cupora, H.M. Ouexuosua 
AH, 136, Ne 3 (1960); 136, No 4 (1960). 
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LEP GT a TE EI 


Aornage Akagemun nayx CCCP 
1961. Tom 138, No 1 


PHSHFECKAH XHMHA 


A. H. ®EJOPOBA, H. B. WIEJJIEMUH nu H. B. MOHMCEEBA 
NOJIMMEPH3AWUA METHJIMETAKPHJIATA MPH 
IJIEKTPOBOCCTAHOBJIEHHU KUCJIOPOJIA 
(ITpedcmaeaeno axademuxom A. H. Ppymxuneim 29 XII 1960) 


B autTepaType WMeeTCH HeCKOJIbKO paOOT MO KaTOLHOMy HHMIAHpOBaHHio 
TIOJIMMeP 3a HENPeeIbHIX OPraHvyecKHX coequHeHuH (1 *), CymecTBeHHBIM 
HeJOCTaTKOM STUX paOoT ABJIAeTCH OTCYTCTBHe H3MePpeHHit NOTeHIMaa 3/IeKTPO- 


| fla M OTCYTCTBHE YKa3aHH O KOHTPOse OCBOOOK CHUA CpeLb, B KOTOPOM mpoKs3- 


BOJMIMCh OMbITHI, OT KUCMOposa. Kak OyyeT noKa3aHO B HacTOsIMel paboTe, 
NOTeHIMas SIeEKTPOLa HW IpWcyTCTBHe KHCOpOAa HrparoT SOMbINyIO POAb B 3/1eK- 
TPOXHMMYeCKOM HHHIMMpoBaHuH. KouTpoulb cTreneHi OCBOGOKTCHUA 3eKTPON- 
Ta OT KHcOposa OcoOeHHO HEOOXOAMM elle H MOTOMY, 4YTO, 110 MHEHHIO ABTOPOB 
pxfla paOor, OCHOBHEIM HHHWMaTOPOM NOMMMepH3allMH TPM peakIMAX 9IeKTPO- 
BOCCTAHOBJICHHA CIY2KHT ATOMAPHBIi BOZOpOL. 

Sajaua HacTOsINero UccIeqOBaHHA — BbIACHeHHe yCOBMH NOMMMepH3aNnu 


MeTHOBOrO acsupa MeTakpHuoBoH KucoTEI (MMA) B kucsIbIX pacTBopax Ha 


PTyTHOM kKaToge. B kKauyecTBe 9/IeEKTPOXHMMYeECKHX Peak, MHUWLMUp yIOUNXx 
nomumepusanuio MMA B pacTBope, H3y4asIHCb peaKIHH BOCCTAaHOBJIeHHA MOJe- 
KYJIAPHOTO KHCOpota, NepeKHCH BOLOpoa HW HOHOB Booposa (*). B HacTosmem 
COOOMIEHHH MPHBOMATCA pe3Y/JIbTATHI, MOJYYeHHbIe MPH IIeKTPONHTU4eECKOM 
BOCCTAHOBJICHHH KUNCIOpona. 

OnBITHI MpOBOAMINCh mpH 20° B KHCJILIX BOJHbIX H BOJHO-CIUPTOBBIX. pacTBO- 
pax MMA B 91eKTpoxHMMYeCKHX TePMOCTaTHPOBaHHbIX AYeHKaX, B KOTOPbIX 
KaTOJHOe MPOCTPaHCTBO OTJeJeHO OT AHOMHOTO 3aKPbITLIM MPHIL HpOBAaHHbIM 
KpaHom. Bce coeqHHeHHA MexKy OTACJIbHBIMH YACTAMM sA¥eeK, a TAK%KE MpH- 
OopoB AA TeperoHKH peaKTHBOB OCYIIeCTBIAMCh wudamu. KoxnctpyKuHa 
ayeeK M MpHOopos JIA MeperOoHKH peaKkTHBOB OOecneyHBala HX TepMeTHYHOCTD. 
AHOJOM CJIYXKHI WWaTHHOBbI Mala MpOBaHHblit IJIEKTPOA, HaCbILIeCHHbIM BO- 
JOpOOM TaK, 4TO B TeYeHHe OMLITA B AHOAHOM IIpOCTpaHCcTBe KUCOpPOF He BBI- 
jlenasica. BpeeHve MOHOMepa IIPOH3BOLHNOCb Oe€3 CONPHKOCHOBeHHA TMOCMeHe- 


ro c Bosqyxom. Amnyant c MMA c momompio Solika H 9/eKTpOMarHHTa pa3sOu- 


BaJIMCb BHYTPH AYeHKU B BOMOpOAHON cpeyze. Uncrora pTyTHOrO KaTOa H 31eK- 
TPOJHTA KOHTPOMMpOBaach M0 3HayeHHIO USMepAeMOFO Tepe KaxKbIM ONbITOM 
MepeHalpA%KeHHA BOCCTAHOBJICHHA HOHOB BOOposa. 

PeakTHBbI HU ra3bl nosBepraiucb TulaTeIbHOW ouncTKe. I]posaxHbIi xu- 
mMMuecKH uncTEIit MMA neperonsauica B aTmocdepe a30Ta, ocBOOOxKeHHOFO OT 
CeNOB KHCOpofa, B CTeKJIAHHOM KOJOHKe JIS TOUHOM PeKTHUKAMMH C BBI- 


-coToH Hacamku 400 mm. Bropaa dpakuna, Kunsaulas npH 43—43,5°/90 mM, 


HENMOCPeCTBEHHO W3 IIpHeMHHKa Heperonssach Jasee B aTMOciepe a30Ta TIpH 
JapieHun 40 MM B aMIyJIbl, KOTOPble B 3aMOPOX%KeHHOM BHe 3anavBaliWcb H 
XpaHHJMCcb B XONOLMIbHUKe MmpH —20°. OunmeHHbIi TakKuM OOp430M MOHOMep 
He JOuDKeH COfepxKaTb ceqoB mepeKuceili (*). Anamu3 Ha CJe{bI NOMMMepa at 


25 
OTpulaTenbHBIi pesybtTaT; n,,1,4148, da°°0,946. [Lia npuroroBleHua 91eKTpo- 


JMTA UCHONb3OBAIHCh [BaxKIbI NeperHaHHad BOMa, CepHad KUCOTa HU [BaxKIbI 
MleperHaHHbi B asoTe MeTHOBLI cuupT. PryTb mogsBeprasach XHMMYeCKOH O4H- 
cTKe HW JByKpaTHOH meperoHke B BaKYYMe. 
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C weabio BbIOopa NOTeHUMaa SIeKTPOMa Aid MpOBeACHHA ONBITOB NO HHH- 
WMMpoBanuio MomuMepHsannn MMA mp deKTpOBOCCTaHOBJeHUM KHCOpoOsa 
TpekBapuTebHO C MOMOMIbIO ABTOMATHYECKOTO NONAporpada W3y4aOCb BAMA- 
uue MMA na npouecc BoccTaHOBJIeHHaA Oz Ha PTYTHOM KalleIbHOM 9eKTPose 
B KHCJIBIX PpacTBOpax. 

| Tloayaennpie c pacrsopama MMA nojaporpaMMbl NOKasbIBaloT cBoeodpas- 
HI XapaKkTep NelicTRuA MocMeyHero Ha Mpolecc BOCCTAHOBJCHHA KUCOpORa 
Ha pTYTHOM a/lexTpogxe B KHCIbIX pacTBopax. Ec B peakIMOHHyt!0 Cpesly 6bI- 
cTpo arectu ceexkeneperHanupld MMA jo KoHueHTpaHH 2,0 -10-? M 4 u3MepHTb 
NOApOrpaMMYy, TO HaGNOAaloTCA CHJIbHbIe KoleOAHUA TOKa B MHTepBase OT 
o= +03 B* no moTeHwvalta BOCCTaHOBJICHHA HOHOB BOsopoa (puc. 1). 


a 
} 

18 
12 
~S 
6 Ann 
0 rl 

1 (2 3 4 5 

+05 +Q3. +01 -01.-03 “or-Q7 “U9 oT . 6 

aed 
Puc. 1. 3aBucumocTb (OpMbI NOMAporpaMM BOCCTaHOBeHHA KHCMOpoga B pacrBope | N H2SOQy 


B mpHcytcrBuH MMA or Bpemenn. Lena femeHua mo ocH adcuucc 0,2 B; HauaO KaxkJOH KpHBOH 
capuHyTo Ha 0,4 B. Konuentpanuua MMA 0,02 M. 1 — 6e3 qo6apnenua MMA. 2, 3, 4, 5—coor- 
BeTCTBeHHO crycTa 1, 16,31, 90 muH. mocme BBoga MMA 


OTH KosleOaHHA YMCHbUIaIOTCA CO BPeMeHeM, HM, HAKOHELl, KPHBad IpHHMMaeT 
BH, UCXOAHOM, C TOH pasHHueH, YTO BTOPaAd BOMHA KMCMOPOa OKA3bIBaeTCA He- 
CKOJIbKO CIBHHYTOM B CTOpOHY Oonmee OTPHUaTebHbIX 3HAYeHHH NOTeHWMaa. 

Taxkoe jevctBHe MMA, no-BuquMomy, CBaA3aHO c Tem, uTo MMA, O6yny4au 
BBeJIeH B PacTBOP, MOJMMepUH3yeTCA B aCOpOMHOHHOM Coe HW OOpasyeT MeHKy, 
KOTOPad BbISBIBAeT H3MeCHeCHHA TepMoya KanaHua. SaTyxaHHe KoeOaHHh 
TOKa CO BPeEMeCHEM MOXKHO OOBACHHTb TeM, UTO BBOLUMEIN MMA B TeseHue STOO 
BPeMeCHH B3aMMOJeHCTBYeT C PACTBOPECHHHIM B OObEME JICKTPOJUTA KUCOPOOM 
MB pesyJIbTaTe IpOMCXOMAULHX XMMHYeCKUX MPOWeccOB NOAUMepusallNA Ha CBe- 
*KeoOpasyloujeHCA MOBEPXHOCTH KaMebHOrO 3NeKTPOMa MpeKpalaerca. 

B coorTBeTcTBHH C BBIeCKa3aHHbIM, NMOJIAporpamMMbl pacrBopon MMA, mpu- 
POTOBJICHHDIX Ha BOS/yXe 3a He€CKOJIbKO 4aCOB MO H3MepeHHH, HE NOKAa3bIBAaIOT 
KONeOaHHi ToKa (puc. 2). OqHaKO CABUI BOJHBI BOCCTAHOBJCHHA MepeKHCH BO- 
opola B cTOpOHy Oovlee OTPHUATeIbHbIX 3HAYCHHH MOTeHIHala COxXpaHsaetca. 
OAphekT TOPMO*KeHUA PeaKIMM BOCCTAHOBJeHUA MepeKuCH BOLOposa 3aBHCUT 
OT KOHICHTPaluH MOHOMepa, C yBeAM¥YeHHeM MocjeqHeH OH ycunuBaeTca. IIpu 
KOHICHTPallwH MOHOMepa B pacTBope mpHOHsuTeIbHO 0,1 M ua nomaporpam- 
Me BOJIHa BOCCTAHOBJICHHA TepeKHCH BORoposa Boobie He HaOmMOMaeTcA, TaK 


* SHayeHHA MOTeHUHala HCCIeRyeMoro SJIEKTPOfa BO BCeX CJly4aAX MPHBORATCA NO OTHO- 
W€HHIO K HOPMaJIbBHOMy BOJOPOAHOMY 93JICKTpPOy. 
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Pe 

Kak BOCCTAHOBJeHHe NOCeqHel npoucxo_uT yoxKe pH MOTeHIMaIe BOCCTaHOB- 
Wena WOHOB Bonopoya. Bonee Bricokue KOHNeHTpanMu MOHOMepa B BOR- 
HO-CIIMPTOBOM PacTBOpe cepHoOH KHCJIOTH! CABHTaIoT B CTOpoHy OTpuia- 
TCPHBIX SHAYCHMM NOTeCHUMaa TakxKe M BOHY BOCCTaHOBeHHA KHCOpoga 
(puc. 2, 5). 

| Manuuuposanue nonumepu3sayuu MMA c nakonsennem nOJIMMepa NpOBoyH- 
OCb Ha CTall[MOHaPHOM PTYTHOM kKaToye (S — 10 cm?) npu peakIHH BOCCTaHOB- 


za 


: 


18 


‘ a 
AAR VY yah 


pee 0s 207-07 -03 -05 -a7 -09 ae 


elf; 


Puc. 2. Bausnue Kounyentpauuu MMA ua BoaHy BoccTaHOBeHHA KHCOpOsa Ha PTYTHOM Ka- 
enbHOM a7eKTpoge B pactsope | N HsSOa: 1 — 6e3 MMA; 2—0,033 M MMA, 3—0,066 M MMA; 
j4—0,1 M MMA; 5—0,4 MMA c jo6apneHuem MmeTusoBoro cnupta. Llena peneHua no OCH 
oe a@cuncc 0,2 B; Hayao Kako KpHBOM cABHHyTO Ha 0,4 B 


f 
WeHud Oz, NpoTeKaromlel, Kak M3BeCTHO, B KHCJIOH Cpeme uepes cCuemyroulHe 
cTaqun: 


O.-+-e + H+ = HOs, ie 2) 
HO} --e 4. Ht = HaOy. (6) 


. HlorenuMayi siekTpoxa ume 3HaueHHe paBHoe—O,2 B, T. e. NpHOMM3HTeIbHO 
Ha 0,1 B OTpuUaTenbHee NOTeEHIMasa NOJYBOMHEI BOCCTAHOBJIeCHHA KUCIOpoa 
B HpucytcTBHH MMA. Tlorenuuan ycTaHaBIMBaJICA Ip BBeeHHH MOHOMepa 
M 3aTeM NOMepKHBAJICH MOCTOAHHDIM B TeyeHHe 3 4aC., NPOWSBOLMJINCb H3Me- 
|)peHuA 3aBUCHMOCTH CHILI TOKa OT BPeMeCHH HM BUSYAaJIbHbIe HAOMOZeHHA Hay pac- 
TBOPOM, Ha OCHOBaHHH KOTOPHIX PUKCHPOBaOCh BpeMA NOABMCHHA TBEpAOrO 
nomumepa. Ilocne okoHuaHHa OMbITa NOMYUCHHBI NOMMMep OTMeIAICA OT pac- 
)TBOPA, NPOMbIBaICA BOMOM, CIMPTOM, CYINMJICA B BAKYYM-9KCHKAaTOPe Tip KOM- 
)HaTHOH TemilepaType UM B3BeINMBAJCA. 
© Kpome ocHoBHbix OMbITOB MO HaKOMVJIeHHIO NOJIMMepa MpOBOAHIHCb KOH- 
}TPOJbHbIe ONITHI MPU TeX Ke YCOBHAX, HO C HCKJIOYCHHEM 3JIeEKTPOXMMNYECKON 
DEAKIMM BOCCTAHOBMeHHA Oz, a HMCHHO B OTCYTCTBHe Oz, WIM Oe3 HaNOwKeHUA 
Mmoispusauny. B o6oux cmyuaax o6pa30BaHua MOMMepa He HaOmofasocn. 
lonapv3alMoHHble KpUBble, H3MePeHHbIe B YCJIOBMAX OMbITa, He MOKasaIM MpH- 
CYTCTBHA MpMMeceli, BOCCTAHAaBJIHBAIOUIMXCA IPH KOHTPOJIMpyeMOM MoTeHmHase 
puc. 3). 
_ PesyibTaTbl OMbITOB NOKa3asH, YTO B HaCHILICHHbIX BOAHbIX C€PHOKHCJIbIX 
ipuOnusutTenbHo 0,1 M pacrsopax MMA ocajoK nojwMmepa B TeyeHHe 3 yac. 
(Hocyie BBefeHUA MOHOMepa He oOpasyerca. [Ip MOBbILMeHHM KOHIeHTparMn MO- 
HoMepa flo 0,4 M.c vucnoub30BaHHemM BOAHO-CIMPTOBLIX (CepHOKMCJIbIX) pacTBo- 
JPoB Monomepa uwaligeHo, uTo B pacTBopax, Cofep»kamjMx Os B KOHMeHTpallHH 
»25-10-4 M wu sollie, a TakxKe MPH MOMHOM OTCYTCTBHM KUCJOpoma, 3a TOT *Ke 
Tpe3OK BPeMeHH NONMMepHsallHA He HaGvopjaeTcs. IIpu nonwxKeHHH KOH- 
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lentpaunu O, B 20 u 100 pas, T. e. Ip KOHMEHTpalunx ero, paBHbIX COOTBeT- 

cTBeHHO 6,25-107§ M u 1,25-107* M, upu tex 2xKe.ycnoBuAx oLbiTa HaOwlofaer- 

ca oOpasopanve NosMMepa, IIpHyeM B NepBOM CJly4yae NOMMMePH3alluA I pOWCXO- 

MT SuicTpee, YeM BO BTOPOM. Cusla TOKa B TeyeHHe 3 Yac., OOHAPyKUBaH Koue- 

4 . OaHHsA, MOCTeMeHHO MafaeT MO HYJIA, YTO CBA3aHO C 
“agcme YMeCHbIUIeCHHeM KOHIeCHTPaluu KuCcIOposa. 

‘ HamMv MpoOBOAMJIMCh JJIMTeJIbHBIe OMBITHI, WeJIbIO KO- 


ae TOPHIX ObVIO TOyYeHHe OOMbUIMX KOUMYeCTB MOMHMepa 

es 7 (0,035—0,05 r) aaa fanbHelulero uccnefoBaHua. B 

"¢ 9TOM CJlydae HapAy C MOTeHIMaJIOM TakKxKe NOMepxKuH- 

BaJlaCb IIPHOJIM3HTeJIbHO MOCTOAHHOM KOHIWeCHTpallua 

KucIOpoya, CHa TOKa He yMeHbilasiach MW HakOMMeHHe 

4 MOJIMMepa MOXKHO OblAO MpPOBOAUTb B TeEYeHHe NpPOLOMKU- 
TEbHOTO BPeMeHH. 

{ V3 HeOAHOKpaTHbIX ONpesesieHHH MeTOOM H3Mepe- 

* 3 HUA BASKOCTH pacTBopa MoHMepa B OeHsose Obl pac- 

= CUMTAH CpeHHH MOJIeEKYJAPHbIM BeC NOJYYeHHOLO TOJH- 


Mepa, KOTOPBIM Oka3asicA paBHbIM 2,0—3 -10°. 

TlosyueHHble pesyJIbTAaTbI MO HHALMAPOBaHHtO TOJIM- | 
“mepHsanun MMA 91ekTpoBoccTaHOBJIeHHeM KHCJIOposa | 
yKa3bIBaloT Ha J[BOMCTBeHHbIK XapakTep jleHCTBHA M0- 
cyleqHero Ha nomHMepHs3anuIo MMA. Kucnopog, c ofHon | 
,_ ¢CTOPOHEI, HHTHOUpyeT mpouecc, a c Apyrou’—yuyactByer | 
06 =O 106 'B efO HHHIMHUpOBaHHH, BepOATHO Yepes pasuKasbl HOz. | 

cto OOpasyroulveca Ha SJIeKTpOe Mp BoccTaHOBeHHH Oz 


Puc. 3. [lonspusannon- 
Had KpHBan mpu 18°. 
1—1 N He2SOa; 2—50% 
1 N HeSOs-+ 50% 
CH30H; 3 — _ pacrsBop 
moHOMepa B 50% IN 
HeSO, + 50% CHs0H 
mocaie 3-yacoBoro cTos- 
HHA Ha Bo3fyxe. Kou- 
neatpauna MMA 0,4M 


B TepBon ctaquu (a). Tlommmepusanuio MMA B 7aHHEIx 
YCJIOBHAX OMbITA MOKHO TaKKe CUMTATH 9KCMEPUMMEHTAVIb- 
HbIM MOATBeEPAKLeEHHeM OOPasOBaHHA pasuKaJOB B Kaye- 
CTB€ IIPOMeXKYTOUHBIX MpOLYKTOB IIpu IJIeKTPOBOCCTa- 
HOBJICHHM; KUCIOpoya. 

H3yuanocb TakxKe BIIMAHHe pa3MelIHBaHHA 9JIeK- 
Tpomuta mp 700 06/muH Ha mponecc HHHUMMpOBaHHS | 
nouHMepHsaunH MMA osjieKTpoBoccTaHOBJIeHHeM KHC- 


JOposqa B OMMCaHHBIX YCOBHAX. OTH OMBITHI MpOBOIH- | 
JIMCb KaK B Aucdy3sHoHHO OOmacTu, Tak M B KMHETMYeCKOM MO OTHOINeHHIO K' 
STOH PeaKILMM, IPHYeM KOHLEHTPANA KUCOpOMa MOMepxKuUBaIAach Takad Xe, | 
Kak HM B OMbITaX C H€Ppa3MeCLIMBaeMbIM IICKTPOJHTOM. OKa3asi0cb, YTO Ip pas-| 
MCIIMBaHHH SIeEKTPOHTa NOJHMepHsanua He HaOstof,ceTca. Bo3mMoxHO, 4TO 
93TO CBA3aHO C HapyllleHvemM ycIOBHH 3apoxKJeHHA Wen momuMepa, TIPOHCXO-| 
AAWerO Y NOBEPXHOCTH BI€KTpOsa, WH ee pocTa, eCNM NMOCMeqHHH MeT OT 
QNe€KTPOMa. OTOT BoMpoc TpeGyer, OHaKO, JONOMHUTeMbHOTO W3y4eHHA. 
Buipaxkaem rutyOoky1o OslarofapHocTh akag. A. H. ®pymKuny 3a MHTepec, 
IIpOABJICHHbIM K paOoTe, H IeHHbIe yKasaHus. 
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Aoxrnage Akagemun nayr CCCP 
1961. Tom 138, No 1 


PHSHYECKAA XHMHA 
B. H. WIYBHH u M. H. OJIMH 


PAAMAUWMOHHBIE MPEBPAIEHHA CMECH HOHOB Fe? u Fe** 
B KUCJIbBIX PACTBOPAX, HACbIIEHHbIX BOJOPOROM 
Now TABJIEHHEM 


(Tpedcmaesexo arademuxom A. H. ®pymkunoim 19 VII 1960) 


 B npegpigymux padorax (13) Onin uceneqopanpr oKucmenue Fe?* u poccta- 
HoBjeHve Fe*" B pacTBopax, HaCbIN{eHHEIX BOLOpOsOM MOL, AaBseHueM, H onpe- 
MeNeHbI HEKOTOPble KMHeTHUeCKHe XapaKTePpHCTHKA MpoweccoB OKHCeHUA U 
BoccTaHoBeHua. Msyuenue payuonu3a pacTBopoB cmecw HoHos Fe2* wu Fe3* 
) 104 JaBnenvem He nosBouiAeT BapHalveli KOHIeHTpaluit KOMMOHeHTOB pacTBopa 
 HOJYYMTH STH WaHHble HeECKOJbKHMH CmocoOaMH M W3 HX CpaBHeHWA clemaTb 
Oo7ee HafexKHble BEIBOJbI O MeXaHH3Me mporecca. 

» Cwctema Fe?* + Fe®* yxe uccnenosanacb (4,5). OnHako B paOorax (4,5) 
OrpaHH4MBaJIHch ONpeevIeHHeM OLHOM KaKOli-s1MOO 3aBHCHMOCTH, M Ha OCHOBa- 
HHH TOWYYeHHBIX JAHHbIX HEIb3A JeaTb ONPeMeeCHHbIX BbIBOJOB O MeXaHH3Me 
 pamvomusa, a cileqoBaTeIbHO H KOHCTAHTaxX CKOPOCTel MpoTeKarollHyx peakHH. 
OueBHAHO, UTO B CJIy4ae MPpHCyTCTBUA B pacTBOpe MOJeKYAAPHOFO BOLOpoRa 
WacTh paguKasios OH Tpancdhopmupyertca B H-atombl no peakiuH 

, H, + OH > H,O + H, (I) 
KOHKYpupytouleH c peakineli 

; Fe+ + OH > F# ++ OH-. (11) 
_ Bewsefctsue mporekanua peaxuuu (I) BMecTo okucanTeia OH-paaquKanos 
nmoaBasioTca H-aTombl, Moryuive y4acTBOBaTb B peaKI[MAX KaK OKUHCJICHHA, Tak 
M BOCCTAHOBJIEHUA. ITO paciiiupaeT npeyecbl H3MCHCHHA BEIXOLa IpeBpanleHHua 
HO3BONHeT NOMYIHTH Oomee TOUHbIE 3aBMCHMOCTH. 

B HacTosmleli paGoTe H3MepeHbI BLIXOJbI oOkNCIeHUA Fe’* mom JelicTBHeM 
y-myuel Co” npv pasaM4HbIx KoHWeHTpanuax Fe?*, He u Fe?* B 0,8 N pacrBope 
2SO.. 

MeTohuka 
|) Creknauuaa suelika u mpowelypa HacbileHia pacTBopa BOZOpoyoM ObiIn 
1OpoOHO omvcaHb pauee (1, *). PacTBopbl roTOBHIMCb H3 PeaKTHBOB MapKH 
X..4. Ha Baxkbl eperHanHoli Boge. MollHocTb o3bl cocTaBasana 
—~2-10'® 9598/cm®-cex. Konujentpauua wvoHos Fe?* onpelestanach cietpodoto- 
_ MeTpHuecku c 0-(peHaHTpOJIMHOM. 


Pe3syabTaTH HW OOcywMeHHE 
3aBvicuMocTb BbIXOJa OKHCJCHUA OT KOHIeHTpanuu Fe** Opia onpemenena 
Maia ~ 10° M pacrsopa Fe?* B 0,8 N HeSOs, wacpiltenHoro Hz mpu 100 arn. 
Taa Kaxjoli Konnentpanun Fe** 6biiv CHATHI HavaJIbHble y4aCTKH KPHBOH OKHC- 
JI@HUA; MAKCUMasIbHOe H3MeHeHHe HavaIbHIX KOHWeEHTpaun He NpeBpmmato 10% . 
PaccuuTaHHbie MO 9THM JaHHBIM HavaJIbHbIe BbIXOJbI OKHCJI€HHA B 3aBHCH- 
MocTH OT KoHWeHTpamuu Fe** Bp pacrsope ({[Fe?*] = 1,050") Meare == 
= 100 atm.) ganpr B Ta6u. |. 
he Taodauna i 


Kou. Fe®+, moub/a 40-3 2-10--8 8,6:410-3 8,6-10-2 8,6-10-1 
G (Fe’+) mon/100 93 etn eee —{,05*  —4%2 Si f3 


* 3HaK MHHYC YKa3biBaeT, ITO MpoTeKaeT BOCCTAHOBJCHHE. 


169 


Kak BuHO M3 TaOmMUbI, ¢ NoBbiueHvem [Fe**] BpEIxoq OKUCMeHHA NalaeT 
WO HYJA MW Mp Lanbuelimem noppuuenuu [Fe**] HaunHaeTca ero BOCCTaHOBJIe- 
Hue, Takoii XapakTep 3aBMCHMOCTH, BePpOATHO, MOMKeT ObITh OODACHEH KOHKY- 
penuelt 3a H-aToMbl B AByX CJIeNyIOWAx peaKIHAX: 


H ++ Fe?+ + H+ + Fe; (IL) 
H+ Ht Hy. (IV) 

O6pas3yroluleca H; yaasisioTca lo peakunn 
Fe + HS > Fee + Hp. (V) 


TIpunumas, To HavaJbHbii BLIXOL OMpefedseTcA poTeKaHHeM peakuHH 
(1) —(V), a Takxe 


Fe*+ +.H:02— Fe’+ + OH- + OH, (VI) - 
noJy4HM culejly rolkee BbipaxkKeHHe JIA BbIXOJa OKHCJICHHA: 
( Gou + Gu,0, 2 
G (Fe*) —7 Gu of Gou am 2Gu,0, — Guy + REET | Te ones Aty = : 
Arpaia hs [Fee] 
ae at (1) 


IIlpeo6pasyem ero caelyrouluM oOpasom: 
BIE) ieee : 
Gh ks [Fe’+] A— G(Fe**) Y 
Tak Kak B pacTBope MeHsetca TombKO ,[Fe**], To BbipaxkeHHe B NpaBoH 
yacTH ABMIAeTCa wHMHeliHol dpyHKunell orHouenua [H*]/[Fe**]. Ha puc. 1 mpen- 


a 


OF wea ese 500 0 50 
(H°)/{Fe*}— [H,)/[Fe’*] — 


Puc. 1. Tpacbuyeckoe pemienue -ypapHe- Puc. 2. ITpacbuueckoe 
Hus (2) no RaHHBEIM Taba. | pellleHHe ypaBHeHua (3) 
10 aHHbIM Tas. 2 


CTaBJIeHa TAKA 3aBHCHMOCTb, NOCTPOeHHaA TO WaHHbIM TaOn. 1. CormacHo ypaB- 

HeHHIo (2) TaHreHc yrvia HakOHa paBeH ka/ks = 9-1073, a orpesoK bi = 1. 

Cow) SH oun 

ere | 
= 7,05. OrTciogza, UCNOsb3 Aree 

, ys U3BeCTHBI€ BEJIMYMHbI BEIXONOB Gy, Goy 4 Gy,o, 

M OTHOWeHHA KoHWeHTpaunl [Fe?*]/[He] = 0,013, momyuum k1i/ke=0,125+ 

+0,3. Sty BeHYHHY MOKHO ONpeleMTh TakxKe M3 3aBHCHMOCTH BbIXoja 


OKNCJIeHHA OT JaBJeHHA BoXopoya. Jka sToro Mepemumem ypaBHenne (1) B 
Bune 


Vs puc. | jHaxonum bi = 0,142a = 1, otkygaa = | Gy + 


ky [H Gone a 
ko en = eee Sie ——] XG (3) 
1/, [A —G (Fe®s)] (1 4. Gear ce Gy is 


TiaiO ya ede 


JlapneHue Hp, aT. 4 10 25 50 100 
G (Fe®+), mom/100 2p 2,9 0,85 —0,25 —0,75 —1,05 
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a 

Ecam MeHsxeTCaA TOMbKO Py,, TO X ABAAeTCA MMHeMHOli PyHKUel BeHINHDI 
-otHomenusa [He2]/[Fe?*]. Ha puc. 2 mpeyctapnena nocrpoeHHas Mo 3KcnepHMeH- 
TabHbIM JaHHbIM (Ta. 2) 3saBucumocts X oT [He]/[Fe?*] pna pacrsopa 

[Fe?*] = 1,05-10°? M, - [Fe**] = 86.103 M. 

_  Taurenuc yruia HaksoHa JaeT BemmunHy ki/ke = 0,138. Panee ata xe BeuH- 
WHHa OMpefelasacb HaMH Mp payuonuse pacTBopoB Fe?* p 0,8 N HeSOa, Ha- 
CbINeHHBIX He w Os, u Haliqena paBHolt 0,135. Benuuunni ki/k2, MOyYeHHBIe 13 
JaHHbIX TO paqvomusy TpeMa MeTojamn, 
XOpOO COBMayaroT c MOyYeHHOH IA eet 
‘paluKasIoB, BOSHUKaIOWINX NO peakiHy 


6 ~~ 
(VI) 6e3 paguauuonuoro BosfelictBua(’). ace 
Sto MosrBepxqaeT TomecTBeHHOcTh SB 2a 
 pawuKasIoB, BOSHHKAaIOUIMX Mo peakiun = 


(VI) m mpu pagnomnse. 
Muorue aBToOpbl CUHTAaIOT, YTO peak- Bie a 

una (IV) uw cremyroulad 3a Hel (V)omK- (Fe2*] /(Fe8*}— 

HbI ObITb 3a€MeHeEHLI peakiHel (’) | ; 


Puc. 3." Ppadpuueckoe pemenue ypaBHeHua 

Fe? (H20), + H-— Fe OH*+ (HO) +He (2) B @yHKUMU OT - BeEHUMHbI OTHOIMeHHA 

(IVa) [Fe?+]/[Fe®+] no qanHpm Ta6n. 1 (yHKTHp) 
ie H Ta. 3 (cniomHad HHUA) 


juan (°) 
Fett + H— FeH?+ (3 " ret Hp. (IVb) 


1B s5ToM cayuae, OYeBHDHO, B ypaBHeHusax (1) u (2) BMecTto KonWeHTpanun H* 
noaputca [Fe®*]. Sapucumocts BbIxoza okucnenua oT [Fe**] onpemenanach 


Valour win aes 


Kony. Fe?+, Mowb/a ‘ use oy NE 2,3°10-4 1,05-10-8 1,05-10-2 
G (Fe+), mon/100 98 0 0,3 0,85 1,25 


B_~ 10? M pactBope Fe®* np nocroaHHom oTHomenuu [Fe?*]/[He]. Pesyap- 

TaTbl upuBenenbi B Tabm. 3 ([Fe**] = 86-10% M; [Fe?*]/[H2] = const). 
Tak Kak H3MeHseTCA TOMbKO [Fe?*]/[Fe**], 
TO IpaBad 4YacTb ypaBHeHua (2) JomKHa AB- 
JATbCA JIMHEHHOH CyHKWHeH 9TOTO OTHOLIe- 
Hua. MckoMaad 3aBHCHMOCTb, MOcTpoeHHag 
MO jaHHbIM Ta6z. | (nyHKTHp), HM Taba. 3 
(cIiOlIHadA JIMHMA), WpescTaBieHa Ha puc. 3. 
HaksJIOHbI KPHBBIX HW BBIUMCIeHHbIe MCXoOlA 
3 HHX OTHOIWIe€HHA KOHCTAHT He COBMaaioT, 
KaK 93TO CuleqOBasiO ObI B CIyuae MpoTeKaHuA 
peaxunu (IV a) un ([V b). Takum o6pasom, 9xKc- 
Ne€PpHMeHTaJIbHbIe PesyJIbTATbI He MOLTBEpx- 
jlaioT mpotekanua peakunh (IV a) u (IV bd). 
Ha61olaeMaa SKCNepHMeHTabHO 3aBH- 
CHMocTb Bbixoga oT [Fe**] (cm. Ta6a. 3), 
| BepOATHO, OOPACHAeTCH TEM, YTO TPH HUHB3- 
BBic. 4. Npaimecroe pence ype jx xomennpanusx Fee He nce Hy, o6pa- 
3ytollveca mo’ peakuuu (IV), pearupywr c 


\Fe?*: uactb ux ucuesaeT Mo peakiuH 


H,—> Ht +H. (VII) 


| B 9Tom clywae, Kak Jlerko yOeQUTCA, B ypaBHeHHAX (1) u (2) BenuunHy 
; k 
a/ks HeOOXOMMMO 3aMeHHTb Ha oe (1 + em) Tina ompenenenua kr/rs 


ks 
Nita 


u ka/ks tepenminem ypaBHeHve (2) cilexyIouluM oOpa3om: 


k ka [H*]/ka[Fe?*] __ 3 | 
14 FR = _ ; Yi Sqn eae (4) | 
A—G (Fe) —! A—G Fes! 


Bpipaxkenve B MpaBolH YacTH ABAAeTCA JIMHeMHOH PyHKUMeH BeM4YMHEI 

1 
[Fe**] 
Ha puc. 4. Tanrenc yrvia HakJoHa paBeH k7/ks = 1,5-10-* Monb/a. OTpesox | 
bs=1, oTkyna ka/ks = 1,03-107. | 

B 3aKkm1oueHHve HeOOXOMHMO OTMETHTb, YTO B CePHOKHCJbIX pacTBopax | 
abbekTupnas KonWeHTpaua Fe**, kak ObWwio MoKasaHo paHee (°), MOKeT 
ObITh 3HAYHTeIbHO HMKE OOULEH U3-3a KOMIVIeKCOOOpas0BaHHA, YTO HeOOXomH- | 
MO YUHTIBATh TIpH oMmpesesenun aOcoMOTHOH BeHYMHBI OTHOWeHUA k,/ks. | 


. Uckomaat 3aBHCHMOCTb, MocTpoeHHad 0 JaHHBbIM TaO. 3, MaeTca 


VWncrutyT 3JiekTpOxXHMHu Tloctynuiao | 
Axagzemun HayK CCCP 19 VII 1960 
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Hoxnange Akagemun nayr CCCP 
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XHMHYECKAA TEXHOJIOFHA 


M. A. @HOUWIAH, A. WH. KAMHEBA, JI. A. MAPKHHJ u JI. A. CAJIMMHb 


IMEKTPOXHMUYECKAS ATAUTHBHAA JMMEPH3ALUS 
KAK CIOCOB CHHTE3SA BbICHIHX JIMKAPBOHOBbIX KUCJIOT 


(ITpedcmasreno axademuxom A. H. Ppymkunoim 21 XII 1960) 


Boicutme AuKapOOHOBbIe KUCJIOTHI ABJIAIOTCA BaXKHBIM CbIPbeM JWIA Moyye- 
_ HHA pasHooOpasHbIX NOJIMMepHbIX MaTepHasoB. Tak, AuKapOOHOBBIe KUCJIOTbI 
C,— Cy HaliiM UIMpoKoe MpHMeHeHHve B MpOH3BOACTBe MOJMAMMHBIX CMO., 
MacTHPUKATOPOB, CMA3O4HEIX Mace H Wp. [lomumepbt Ha OcHOBe Kap OOHOBBIX 
KUCJIOT C elle Oosee AJIMHHOM WeMbIO yruiepOXHbIX aTOMOB O6aaloT PAXOM IeH- 
| HbIX TEXHMYeCKUX NoKasateseh. OcoOpili unTepec MpeyCTaBsAIOT BbICLIMe HeHa- 
CbINLeHHbIe JUKapOoHoBple KHCIOTHI. Hanwune HeMpeNeJIbHBIX CBA3eCH MO3BOJIAeT 
IIPHMe€HATb UX JIA MpOWSBOACTBa XHMHYeCKH- H TepMOCTOHKHX MpoOcTpaHCTBeH- 
_ HBIX TIOJIMMePOB, BbICOKOKaYeCTBEHHBIX Pe3HH, KJI€e@B, MPOUHbIX 3aLLHTHbIX T0- 
KpbITHH MW T. 2. OfHaKO MpOMbILIJIeHHbIX Me€TONOB MOJIyYYeHHA TaKMX KHCJOT 
moka HeT. BecbMa [epcneKTHBHO IIPHMeHeHHe 3JICKTPOXHMHYeCKUX MeTOIOB 
) aa cuHTe3a WuKapOoHOBLIxX KuCcIOT ('). QieKTpoxuMMYeCKad aHTHBHAaA IK- 
 MepH3allua JaeT cpaBHUTebHO MpocToli uM JOCTyNHBIM cnoco6 MouJy4eHuA BBIC- 
| WUX JMKapOOHOBbIX KHCJIOT pasJIMYHON CTeMeHH HEHACHILIEHHOCTH WH MOJeKYJAp~ 
"Horo Beca C JIMHeHHOM HIM pa3sBeTBAeHHOH cTpyKTypow. IpunmunnanbHasr 
" BO3MOX%KHOCTH OCYINeCTBIEHHA 9TOTO Mpolecca MoKa3aHa B padoTe Jlunsces u 
Tlerepcona (?,*). OgHako KommuecTBeHHad CTOpoHa peakUHH B 3TOH or ocBe- 
weHa HeocTaTouHo. 

Llembio HaCTOAMero HCCeOBaHHA ABJISeTCA W3yYeHHe peakKUHH 3JIeEKTPO- 
_ XHMMYeECKOH aTUTHBHOK JMMepusallMH Ha MpHMepe MOHOMeTHOBOrO 92pupa 
_ aJMMMHOBOKH KUCNOTHE u 1,3-6yTaqHeHa. OvueKTpomMsy No_Bepramacb CMecb 
‘YaCTHYHO HeliTpamH30BaHHOrOo § MOHOMeTHJaqunuHaTa u 1,3-Oyraquena. Ha 
aHojle MpoTeKaeT peakIuA JeKapOoKCHJIMpOBaHHA AHHOHA MOHOMETHaMNuHAaTA, 
XapakTepHaa Jia BCeX CJly¥aeB CHHTesa Kovb6e: 


CH,00C (CH2)4 COO- = CH,00C (Chia) He CO (1) 


-CBoOo,HbIM paqukan R° aTakyeT MoulekyJly OyTafMeHa MO HeMmpeebHOM CBA3H 
aban OyTeHHJIOBbIN payuKav 
CH; OOC(CH2)? + CH2 = CH — CH = CH2 > CH3O0OC (CH2)sCH == CHCH}. (2) 
ByTeHuJoBble paluKabl un WHMepH3yloTcA Cc OOpas0BaHveM JMMeTHMOBOrO 
Se 6,10-rekcanekayuen-1,16-quKapOoHOBOH KUCJOTHI 
2CH3s00C(CHe)5 CH = CHCH$ > (3) 
—» CHsO00C (CH2)5 CH = CHCH2CH2CH = CH (CH2)s COOCHs 

MIM coequusioTca c R°-paqukasaMu, WaBad WMMeTHOBbIN sdup 6-oeneH- 

1,12-qHkKapOoHOBOH KUCJOTHI 
CH300C (CH2); CH = CHCH + °(CH2)4 COOCH3 — (4) 

—. CH,OOC (CH); CH = CH (CH,)s COOCHs. 
Se none TOrO, poTeKaeT AuMepn3anHA R°-payuKaJoB C OOpasoBaHveM JMMeTHAI- 
- ceOaluHata 

2CH,OOC (CHz)? > CH;0OC (CHz)s COOCHs (5) 
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BFcmecu Tpex yKa3aHHbIX Bbillle TH3—pHPOB BO3MOXKHO; IIPHCyTCTBHe HesHauH- | 
T@JIBHBIX KOJIMUCCTB H30MePHbIX IIPOAYKTOB, OOpa3soBaBIIMXCH B pe3yJIbTaTe 
IpUCOeMHEHHA CBOOOAHEIX paquKaoB K OyTaqueny B 1 ,2-nono*weHUH. 

Kak y2Ke yKa3bIBasiocb, 9JIEKTpoMUT CocToas u3 1,3-OyTanveHa MU MOHOMETHAI- 
alumunatTa, 4waCTHYHO Helitpamu30BaHHoro KOH. B kauyecTBe pacTBOpuTeiA 
IIPHMeHAJICA MeTaHOJI, B KOTOPOM pacTBOpHMBI BCe KOMIIOHEHTHI PeaKIHOHHOH CMe- 
CH. QueKTpoMM3 NPOBOAMICA Mp OTPUUaTebHLIX TemnepaTypax (—10--—15°) 
JIA YMCHbINeHHA JIeTyYeCTH OyTaqueHa. QneKTpomHsep MpezcTaBaan codon 
CTCKJIAHHbIM IWIMHEpHueckHH cocy], C MellaKOM M OOPaTHbIM XOJIOLMAbHUKOM. 
AHOJOM CJIYXKU WiaTHHOBH CeTUATHI WHIMHAP, KaTOJOM — IMIHHAp U3 HuKe- 
neBoli (boubru. PacrBop mocie aiekTpomH3a HarpeBasica fo 40—60° gua yaa- 
JIGHUA HempopearupoBaBlulero OyTaqveHa, pasOaBAcA 2—3-KpaTHBIM KOJH- 
YeCTBOM JIHCTHJJIMPOBaHHOl BOAbI M MoxKucaanca 10% HCl no pH 6,0—6,5. 
BenuibiBuivii MaCJIAHUCTHIA COM SKCTParHpoBaica cepHbIM 9dupom. Ja ounct- 
KU M9pHpOB OT KUCOT UM MOHOSUpa BLITAKKy OOpabaTHBaIH 18% pacTBOpoM 
NaHCO;. TlomygeHHaa cmecb JMS@HPOB BbICYIIHMBaIaCh B BaKYYM-9KCHKaTOpe 
WM MeperoHalacb B BakyyMe 1—2 mm pt. cr. I]pu pasroHke oTOMpanuch Tpu 
dpaxuun: I dpaxuua — go 137° — B OCHOBHOM JMMeTHJIOBLIM Sup aHMHHO- 
BOM KHCJIOTbI, OOpaSOBaBLIHHicA, BEPOATHO, B pesyJIbTaTe sTepHpPMKAWHM HCXOL- 
Horo} MoHOMmeTHagqunuHata; II — dpaxuua — 154—156° — jMMeTunoBl 
gdup ce6auHoBol KucsoTH; II] mpakuua BbIkuMana B mpefenax 176—179°. 
OctaTok mpefcTaBsas CoOOH BA3KYIO TeEMHO-%KeJITYIO 2KHKOCTb. 

III cbpaxuusa u ocTaToK Obl NOABeprHyTbI NOBTOPHOH Neperonke B Bakyyme. 
OctTaTok MOUTH WeIHKOM HeperoHsaca mpH 216—218°/2 mm prt. crt. 

MaenTupukalua MOJYYeHHEIX IIpOLyKTOB MpOW3BOANMAaACh. TyTeM onpeyeme- 
HUA HX MOJI€KYJAPHbIX BecoB (M), 9memMeHTapHoro cocTaBa (C, H), KHCNOTHBIX 
(K. 4.) u stbupHpix (9. 4.) uncen, Homupx uncem no Kaydmany (1.4.), noKa3a- 
TeIA Mpewomienusa (np), YAeIbHBIX BecoB (d;’), MOWeKYyJIApHOM pedpakuun 
(MRp), Temnepatyp niaBneHua. Pe3ymbTaTbl aHamu3a mpescTaBeHE B Tabsm. 1. 


2 a0. Mata! 


MRp 


Smnem. coct., % 
ee ea 


| a 
ey | Ut 


Ill Opakwua 

Haiiqeno 282,3|67,01] 9,81] 404,10| 86,8/1,4585 |0,988; 78,02 | 
BeuncweHo Ama ZumMerua. 23cu- 
pa 6-yoneneH-1, 12-7uKap6oHo- 


BOH K-TbI 284,0/67,55| 9,85| 395,01} 89,5] — — 78,93 
OcTaToK 
Haliqeno 341,2| 70,47 | 10,28 | 337,83 | 140,1 | 1,4650; 0,968 97,38 


Buluvcneno Wa AuMeTua. 92pu- 
pa 6,10-rexcanexayueu-1, 16- 
WMKapOoHOBOH K-THI 338,0] 74,05 | 10,05 | 331,50}4150,7; — — | 96,96 


IIpu ompiuienuu III dpakuuu u octatka 10% MomycnupTOBbIM pacTBOpoM 
NaOH Obinu BBbIeIeHEI DBe KHCJIOTHI: 

6-JTomeuen-1,12-auKap6oHoBad KuCcoTa, T. Mt. 85—86°; K. 4. BbrrancmneHo 
438,4, HaliqeHo 449,8; V1. u. spraucneno 99,14, Halimeno 102,35. 

6,10-lexcagekaguen-1,16-tukap6oHoBad kKucnoTa T. mi. 62,5—63,5°, 
K. 4. BprmvcmteHo 362,0, Halizeno 363,9; VM. 4. sBrrucneno 163,87, HaligzeHo 
150.00: 

IIpuBeqenHble pesybTaTbl yOeUTebHO JOKa3bIBAaIOT, YTO Ip JeKTpomHse 
ObIIH NOJYYeHbI JMMeTHOBbIe  2XpHpbl JByX HeHACHIINeCHHbIX  KHCJOT: 
6-qomeueH-1,12-aukap6oHoBoH 4H 6, 10-rekcayekanuex-1 ,16-7uKap6oHoBok 
(Cia W Cig). 

YcTaHOBJeHO, YTO OCHOBHBIMH (akTOpaMH, OMPeeAOWMMH BLIXOA WHScH- 
POB HeHACHINICHHBIX KHCJIOT, ABIAIOTCA AHOJHAA MJIOTHOCTb TOKA, COOTHOIMeHHE 
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y 
‘M@KLY KOHICHTp ally aMy OyTaqveHa M MOHOMeTHIalNnMHaTa, a TaKXKe CTeMeHb 
HeiTpav3alHn mocjesHero. sr BF ys 

SaBHCHMOCTb BbIXOJa aUTUBHbIX AuMepoB Cia w Cyg OT AHOMHOH MV0T- 
HOCTH TOKa, MO yYeHHad Tp seKTpomuse cmecu 25 r MOHOMeTHJaqunuHaTa, 
_ 4,4 r KOH, 60 ma 6ytanuena u 130 Ma MetaHoa npn —15°, u306paxkeHa Ha 
mpc. |. 43 

M3 TipwBemeHHol saBucuMocTH culeqyer: 

1. Bpixonq auspupowp Cia wu Cig noBbutiaerca| C YMeHDILNeHHeM aHOHO! 
‘MJIOTHOCTH TOKAa. ITO MOXKHO OOBACHHTb TeM, TO MIpH HU3KHX IMVIOTHOCTAX 


% 

60- \N 2 

40-3 
ae 


= 4 4 
ta) 4 3 12 afdme ie 3 8 
La ge ; i 
Puc. 1, SapucumocTb BBIXOLOB mposyK- Puc. 2. S3apBucHmMocTb BbIxoza 
TOB WIEKTPOMH3a OT AHOAHOH TsOTHOCTH MpOLYKTOB WIEKTPOH3a OT KOSp- 
ToKa. J — BbIxog Auadupa Cys, 2 — Bbi- (buuvenTa H30bITKa GyTaqHeHa. 
Xoq aHapupa Cy4, 3 — BEIxon AMMeTHUI- 1 —spxon guabupa Cy, 2 — 
ceOalluHata BLIXOZ Wuopupa Cya, 3 — BHIXOL 


i i * MHMeTHICeGalluHaTa 


| TOKAa CKOpocTH OOpasoBaHHA pafukasioB R° no IeKTpOXuMMYeCKOH peakunH (1) 
M OYTCHHJIOBLIX payukasoB (peakina (2)) consmepumbl. IIpw yBenuyeHun aHomHON 
_ MJIOTHOCTH TOKa KOHUeHTpauuA R°-payukKaJOB B MpHSJIEKTPOLHOM Coe BOspac- 
)) TaeT, 4TO, IPH MpounX PaBHLIX YyCNOBUAX, ONArOMpHATCTByeT pekKoMOHHALHH 
|) 9THX pagquKanoB B AuMeTHNCeOalMHAT. BrIxol aHTHBHEIX AUMepOB MpM 3TOM 
| +moHWKaetTca. 

2. CooTHoIMeHHve MexKly KOJMYeCTBAMH OOpasylouINxcA WHIpHpoB Cia H 

Cig H€ 3aBMCHT OT MJIOTHOCTH TOKa. 
Ha puc. 2 mpuBeyeHa 3aBHCHMOCT» BbIXOJa H€HACHIILeHHbIX JH9(PMpOB OT CooT- 
HOUICHHA KOHUeHTpauMh OyTaqHueHa MH MOHOMeTHIAaqMNMHAaTa B CMecH (K — ko- 
sPPuUMeHT H3ObITKA GyTafNeHa), NONyYeHHad pH Tex xe ycnoBusax: IInor- 
HOCTh TOKa Ha aHojge 3,2 a/iM?. 

XapakTep KpHBOM MoKa3biBaeT, YTO BOSpacTaHve KosdpuUMeHTa H3ObITKA 
OyTafMeHa BeleT K MOBBIINeCHHIO BbIXOJa HeMpeJeIbHbIX SPHPOB, 4TO OOBSAC- 
HAeTCA YBeJIMYeHHEM BeEPOATHOCTH BCTpeyH paguKasoB R® c mMomeKynamu 6y- 
) TaqueHa. CooTHoleHve MexKiy KoH¥ecCTBaMH AHSpPMpoB Cis UW Cyg IPH STOM 
OCTaeTCA MOCTOAHHEIM. 

CremeHb HelitpanusaiuHu (Kyerrp) MOHOMeETHJAa,HMMHaTa H3MeHAIaCb B HHTep- 
Basie oT 0,0625 no 1. C pocTom cTeneHH HeHTpaH3allMM BbIXOA BCero HelTpasb- 
“Horo MIpoflyKTa Kak m0 BelllecTBy, TaK HM 10 TOKy MaglaeT (oT 78% no BelecTBy 
# 39% no ToKy up Kuenrp = 0,0625 no 32,4% mo BemlectBy 4 16,2% no ToKy 
pu Kyearp =1). XapaxtTepHo, uTo cocTaB HeliTpasbHOrO MpOAykTa coxpaHsercs 
= Hev3smMeHHbIM Mp Kyenrp = 0,25 1. pu Aueirp HuxKe 0,125 nmpoucxoquT 3Ha- 

YUTeIbHOe YBeEMUCHHe KOHIeHTpalHH ANIZPHpOB Cy, W Cy, B HeEHTPaIbHOM Mpo- 
' qykTe, mpwuem oTHocuTembHOe cosepxKanve Cia MoBbiiiaerca. Pesymprarnl 
HCCIe€AOBAHHA MOKAaSbIBaIOT, UTO COOTHOMICHHe MeXKILy CosepxKaHHeM Helmpeyeb- 
HEIX DM3upoB Cia M Cig B HeliTpasbHOM MpOfyKTe BIMHPOKOM AMamasoHe ycno- 
| BHA BbIPawaeTcA MOCTOAHHOM BeTHUMHOH, paBHOH 2,5 + 2,6, H He 3aBMCHT 
OT MpOOMKUTEMbHOCTH 3JIEKTPOMH3a, AHOMHOM MIOTHOCTH TOKa HW KOHIeHTpa- 
uM OyTaqueHa. CneqopaTebHO, yKa3aHHble (bakTOPbI B OMMHAKOBOM cTeMeHH 
BIMAIOT Ha peak OOpas0BaHHA OOOHX AMSPupoB. 
_ Hafimeno, aro B M3y4eHHOM HHTepBale YCJIOBHM ONTHMAJIbHbIMA AIA 3JIeK- 
pocuHTesa muspupoB Cis UU Cig ABMAIOTCA: COCTaB 9s1eKTpOMNTa — 
‘|/(25 r Monometunagununata; 4,4 r KOH; 60 ma Oyraguena; 130 ma meraHoua; 
Temnepatypa —10--—15°; avogHas maoTHocTs ToKa 0,65 a/ym’. Tipu takux ye- 
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JIOBUAX CYMMAPHbIA BbIXOA HeHACHILLEHHDIX yua@upos coctaBineT 88% M0 Be-| 
mectBy u 44% no TOKy, CHHTaA Ha popearMpoBaBlinit MOHOS(Up; HS HUX mu -| 
apupa Cis 63%, Cyg 25%. 

TlonyuenHHble pesy/IbTaTbl HOKaSbIBalOT MepCiMeKTHBHOCTE IIpHMeHeHHA Me-| 
Toa JIeKTPOXUMMYCCKON AaIMTHBHOK TuMepusallMn AA CHHTESA BBICIUHX JM- 
KapOOHOBbIX KHCJIOT. 


MockospcKuii XHMHKO-TeXHOJIOPHUeCKHH HHCTHTYT Tlocrynusio 
um. JJ. MU. Mengemeesa 21 XII 1960 
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. Woxaann Ananemun Hay CCCP 
ang 1961. Tom 138, Ne 4 


[EOJIOTHA 
C. B. PY)KEHILEB 


7 K MPOHCXO)KAEHHIO AKBAMTAJIbBCKHX CTPYKTYP 
B WEHTPAJIbBHOM TAMUPE 


(ITpedcmaeaeno axademuxom H. M. Cmpaxoevim 5 I 1961) 


Gai =i 


_ XapaxtepHow ueptoH crpyxtypst Tlamupa spnaetca wupoKoe pa3BuTue 
3eCb Pa3PbIBHLIX HaPyleHHH, CpeqM KOTOPbIX pe3KO MpeobalaroT B36pocHI 
\H HaIBUrH, MpociexKuBalolwMecd MHOra Ha eCATKM HM COTHH KHJIOMETDOB. 
) OueBuHO, 4TOODI NOHATH reHesuc anbnulickoi cTpyKTyps Tlamupa, HeoOxogn- 

MO BBIACHHTb MpOHCXO*wKAeHHe yKa3aHHbIX HapyileHui. B 9TOM OTHOLIeHHH OCO- 
' ObIli HHTepec MpelcTaBAeT CUcTeMa pa3pbIBOB TaHbimaccKuit HagBur — AK6ait- 
| TalibcKWe HaJBUuru, KOTOPad ABAeTCA KpyNHeiuiel 30HOM pa3pbIBHBIX Hapy- 
' WeHHi, paszensioulux Cesepo-Ilamupckuli aHTHKIMHOpH UM pacnosoO*KeHHbIi 
‘1oxHee Llentpanpxo-Iamupckuli mnporu6. 

_ TanbimMaccKkHit HayBur, OTYeTIMBO NpocexuBalollMiica B Oacceline p. Tanni- 

MaC, HeCKOJIbKO 3alafqHee JouMHEI p. KoxyliOemb pa3BeTBIAeTCH Ha CepHio 
- O60COOJICHHEIX Pa3PbIBOB, 1OXKHbIM H3 KOTOPbIX MO MPOCTHpaHHIO K BOCTOKY 
(ceBepHbie otpord My3xKoubckoro xpeOTa) mpeBpallaeTca B 30HY MHOrOUNCceH- 

HbIX HAJBHTOB, H3BeCTHbIX MO Ha3BaHHem AxkOaliTambcKux. Emme BocTouHee, 
| B Mpefemax meBpoOepexpa p. FOoxkupii Ax-Balitan, oTMeyeHHad 30Ha HaBHroB 
_cyxKaeTca, CMeCHAACb eHHbIM pa3pbIBOM, MpofosKeHHeM KOTOpOrO Ha Tep- 
_ putopuu KHP asasetca, no-Bugumomy, IlomypcKui HagBur. Takum o6pa3om, 
_Axoaiinansexne HapylleHua — CBoeoOpa3sHoe pasBeTBJIeCHHe pa3spbIBOB — oc- 

“JOKHAOT KpynHetiutyio B LlentpanbuHom Ilamupe cuctemy HagBuros (puc. 1). 
' Caa3b AKk6aliTambcKux cTpyKTyp HM Taxbimacckoro HagBura BrepBble Obla ycTa- 
 HOBJIeHa HoBeiwIMMH cbemKamMu AkGaliTambcKkoh mnaptTuu (I. C. Bockousun, 
_H. A. YruKeep u op.). 
|  Axk6afitanpcKan cepa HagzBuroB, MpocTupaioulasca Ha 60 KM B WIMpOTHOM 
_ HallpaBsleHuu, pacmomow*KeHa B mpeseax CeBePHbIX OTPOFOB WeHTpasIbHOH 4YacTH 
_ My3koupceKoro xpe6ta. B cTpyKTypHOM OTHOMIeHHM S9TOT paHoH MpescTaBsAeT 

-co6ol CucTemy AByX WIMpOTHO OPHeHTHPOBaHHBIX aHTHKJIMHAaJIeH HW pacnoslomKeH- 
HOM Me?Ky HHMH CHHKJIHHaIM, K KOTOpOH MpvypoweHa paccMaTpHBaemaa 

CepHA pa3pbIBoB. 

CepepHad, SopTallikombckad, aHTHKIMHab ABIACTCA KPyMHOH CHMMeTpHu- 
“HOH CKNaKOH, CJIOwKeHHOM B OCHOBHOM [leC¥aHO-CJlaHIeBbIMH OTJIOKeCHHAMH 
* 30pTalliKoIbcKoro KoMisiekca (Pz,); Ha 1OKHOM Kpblule, KpOMe Toro, LIMpoKoe 
j paciipocTpaHeHve MMeIOT MeCYaHHKM M CJaHIbl OPAOBUKa. B mpeyesax ceBep- 
Horo Kpblla COM HaKJIOHEHBI Ha CeBep NO yrJIOM 20—30°, HO To Mepe nip HOH 
" KeHUA K OCeBOM ee UaCTH MaeHHe CTaHOBHUTCA Oomee KPyTbIM, ocTuraa 45—55°. 
_B o6ntem avanoruunoe crpoeHve UMeeT H 102%KHOe KpblIO CKNanKU. AKOaiiTamb- 
| cKad CHHKIMHaIb, OOpas0BaHHad NoposaMu HMKHerO, CpeqHero HM BepxXHero 
| Tlaneo30s1, 1opbl, Mela HM MaseoreHa, MpescTaBsAeT COOOKM CJI0%KHO MOCTpoeHHy!0 
_ aCMMMeTPHYHyi0 CKaKy C 6oulee MpHNOLHATHIM CeBePHbIM KpbIJIOM, re OOHa- 
_ KalOTCA NOPOMb OPAOBUKA, CHIypa, CpesHero H BepXHero eBOHA, a TakK2Ke HHK- 
1erO H BepXHero KapOoHa. C0 OObIMHO NafaioT Ha wor MOM YrJioM B 30—80°. 

Apo cKNaqKu OTYeTMBO BLIPHCOBbIBaeTCA MO MOOCe MCKJIOUMTEIbHOTO pa3- 
)BMTUA Me3030HCKUX H MaseoreHOBbIX OTMO*KeHHH. IOxHoe Kpbwio AKOalitanb- 
CKOH CHHKAMHaANH B OCHOBHOM CJIO*HKeHO MOpOAaMH IOpbl WH HYARHETO MEJIA; 
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JIMIUb W3peaKa 3ecb BCTpeyaloTcaA OTJORKeHUA Maseoson (OpOBAK, eBOR) - 
CeBepHoe KpbII0 CHHKIMHaIM HaqBHHYTO Ha OPAOBUKCKHe MeCdaHAky Soprati- 
KOJIbCKOMi AHTHKJIMHaJIH, 1O%KHOe — Ha MeTaMOpdpHyeckHe TOMULM OCeBOM YacTH 


Mys3koulpeKoro xpe6Ta, oOpasyroliive KpynNHy!o aHTHKMHab, Ha KPBIIb- 
: AX KOTOPOH CJOH HaKJOHeHb! Mol yraiom 
i =J 


Wy Yj YY 20—30°. 3 * 

Y, Ws “MW ii AxkOalitapcKasa CHHKJIMHab pa30uTa 
ois x cuctemot AxKGaliTanbcKHxX  HaJBUroB, 
Gy fc. mm al ll | \\! BemeqcTBHe Yero 3eCb BOSHHKIa CepusA TeK- 
Ki hs TOHHYeCKHX Yellyl (HX HaC4MTbIBaeTCH He- 

CKOJIbKO J€CATKOB). Bgoub ceBepHou rpa- 

se HHIbI CHHKJIMHAJIM MpOCeKUBAETCA NOMOCa 

yellyH, CJIOXKeHHEIX OTJIOKCHHAMH OPpJlo- 

Ye lls BHuKa, CHJlypa, CpeqHero M BepXHero JeRO- 


Ha, a Tak>Ke HMKHero KapOoua, CJION : KO- 

TOPIX MOUTH BCera HaKJIOHEHEI K tory NOL 

Puc. 1. Ocuopuble Hagpurn Llenrpaanp- YIvIOM B 30—60°. Uenyu pasyenenn . Ha- 
Horo Ilamupa. / — TaHbimaccKu Haz- 6 : 

pur, 2—Ax6aliranpckue Hagsuru, ABHTaMH, CpeAH KOTOPbIxX MpeoOwlaaloT Ha- 

a—Cesepo-Ilamupckui auTHkauHopua, ABHTH C MJIOCKOCTAMH, MayarouluMl Ha for 

6 — Llentpaabuo-Ilamupcxui nporn6 yo, yrvioM B30—40d°.i{}OxHee OTMe4UeHHOM 

TOJIOCbI Ppacnoso*KeHa 30Ha TEKTOHHYECKHX 

KJMMHBEB, oOpas0BaHHbIX HHTCHCHBHO AHCJIONMPOBaHHbIMH OTJOMKEHUAMH Cpes- 

Hel — BepxHeli topbl. B patione menobepexba p. Kpispi-J[xuara (xp. Ax-baii- 

ram), K tory or nHKa Sop-Tam (xp, Cespepnpii MysKom), mpocsexuBaetca 10- 
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Puc. 2. Teonoruueckne mpoduau yepes samagHoe OKOHYaHHe AKOaliranpcKol CHHKIHHamH (/), 

yepes ee WeHTpabHyto (//) u Bocrounyto (///) uactu. 1 — naxKHuii naneosoii HepacuieHeHubiil, 

2 — ophoBukK, 3 —cuiyp, 4— cpequuii nesou, 5 — BepxHuii QeBoH, 6 — HuxKHUH Kap6ox, 

7 — BepXHHH KapOou, 8 — cpefHAA, BepXxHaA topa, 9 — HuKHHii Men, 10 — pepxunit Men, 17— 
TlameoreH, 72 — HamBuru 


J10Ca MOBCEMECTHOFO pa3sBUTHA 1OPbl, HHIKHEFO H BepXHero Mela, a TakxKe Navieo- 
reHa, OOpa3y!oulMX WIMpOTHO OPHeHTUpOBaHHytO Lenouky CpaBHHTeIbHO MpocTo 
MOCTPOCHHBIX CHHKJIMHaseH, MeCTaMH pasOHTbIX HawBuramu. CiekyeT OTMeTHTD, 
YTO BAOJIb CeBEPHEIX KPbWIbeB CHHKIHHaeH OObMHO mpeoOjaqaoT HaBUurH, 
nayqaouyve Ha 10P, BAO/Jb WOMKH‘IX — HaIBUIH, MOCKOCTH KOTOPHIX HaKJIOHeHbI 
Ha cepep (puc. 2). Oxwkunee yKa3aHHO 30HbI CHHKIMHael, OTMeYAIONIUX APO 
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AxkOaliTanpcxon cKaqKu, pacnooxKeH ps, veWyi, CO%KeHHBIX OTMOXKeHUAMH 
FOPbI, Mea, pexe OPAOBHKA UH JeBOHA, OrPaHHYeHHbIX HAaBUraMH, MOCKOCTH 
_ KOTOPHIX OObIUHO MafaioT Ha CeBep MOA yrviom B 35—50°. Cnon 3mecb, Kak u 
HJIOCKOCTH Pa3PbIBOB, HAKJIOHEHbI Ha CeBep, U3peKa OHH CMATHI B CHCTeMY MesI- 
KHUX HM3OKJIMHAJIbHbIX CKJIaOK. 
B pacnoso%KenHv HagBuroB, OcOxKHAIOMX AKOaliTaibcKy!0 CHHKJMHaJIb, 
HaOmofaeTcA OnpeeeHHad 3akOHOMepHocTE: 1) nouTH BCe OHM HMeIOT WIHpOT- 
Hoe HJM CyOlWIMpoTHOe NpocTkpanne, cormacHoe c NpocTHpaHveM CHHKJIMHAaIM 
B lenom; 2) B npefenax ceBepHOrO Kpbia CTPyKTypbI NpeoOsalaloT HagBUrn, 
NNJIOCKOCTH KOTOPbIX NafjaioT Ha 10r, a B ipefleax 1Ox*KHOTO — Ha ceBep. Takum 
o6pasom, AxkOalitanpckaa cKayKa MpezctaBiseT coGoli cm0x*KHO NOCTpoeHHy!o 
CHHKJIHHAJIb, pasOuTy!O CepHeli HaLBHTOB, MMEeIOIUX MayeHHe muocKocTel, B 
oOmleM aHasIOrvyHoe C HaKJIOHOM CJlOe€B Ha KPbIVIbAX, K KOTOPbIM NIpHypoueHbi 
3TH HasBurn. Apo CHHKJMHAIH BbIZaBeHO MO CHCTeMe HaJBUTOB OTHOCHTEJbHO 
_ KPbIIbeB, CeBepHOe H3 KOTOPHIX HaNBHHYTO Ha HWKHEeMAIeO3OMCKHe OTOMKeHHA 
xpeOTos Soptamkon, Cesepupii My3Kxon u Kuispi-JoKuuK, a 10xKHOe — Ha 
MeTaMopduyeckhe TOMA OceBoh uacTH My3koubceKoro xpe6ta (puc. 2). Kpome 
HafBHrOB OCHOBHOTO HallpaBJleHHA (ceBepHoe KPbINIO — MOCKOCTH HaJBHTOB 
MajaroT K 1Ory, }O*KHOe — K CeBepy) HaGIOAalOTCA PaspbIBLI, HMeIOUIMe HaKJIOHbI 
‘timockocteli, o€patTHbie oOpmHbim. Ilepecekancb C HaXBHraMH OCHOBHOrO Ha- 
MpaBleHHA, OHH OOpasyloT y3KHe TEKTOHMYECKHE KJIMHbA, NOMHBIM NMONepeuHbi 
paspe3. KOTOPbIX HHOMa MOXKHO HaGIOMAaTb HeMocpeACTBeEHHO B OOHAKEHHAX, 
_ [ipekpacHbim npuMepoMTOMy ABAeTCA Y3KHH KIM, OOH aKAalOULHicA B BEpXOBbAK 
p. Sop-Tam-Kon. 3fecb HHTEHCHBHO CMATHIC KOHTJIOMepaTHI HW MeCUaHHKH Maseo- 
reHa C 1t0ra HaJBHHYTbI Ha BEPXHEMEJIOBbI€C H3BECTHAKH, a C CeBepa — Ha Mec- 
- GaHHKH H aprHJiUTbI BepXOB HHKHero Mela. AHaNOrHUuHble CTPYKTYPbI OOHAKEHbI 
mo pyubam TO xupIH Ax-Balitan u Unucy, a Takxe B palione AKOaliTambckoro 
mepepana. Takum o6pa30m, AkOaliTaibckan cepa HaBuTroB MmpeycTaBlsaer 
_ coOoH cucTemy mepeceKaroljHxCA CKOJIOB, NpPHBeAWIMX B pAwe MeCT K BO3HHK- 
HOBeHHIO O6OCO6I€HHBIX TEKTOHHYECKHX KJIMHbeB. OOpas0BaHHe MOXO6HBIX CKO- 
JIOB MOKET ObITh OOLACHEHO TOJIbKO B CBA3H C FOPH3OHTAJIbHEIMH HallpAKeHHAMH. 
Mopdonorua AxkOalitanbckoH CHHKINHaIH TakxKe slerKO HaxOQUT ce6e O6s- 
ACHeHHe, CCH MpeANONOKUT Hayne FOPHSOHTAbHOFO CKATHA, BCEACTBHE 
wero Me30KaHHO3SOHCKHe HM cpeHe-, BepxXHenayeo30HCKve OTJIOXKeHHA ee LWeH- 
TpaJIbHOH WacTH OBIIH BbIaBJeHbI Ha COCeHHe aHTHKJIMHAIN, OOpasoBaHHble 
_ HWKHHM Tlaleo30em. 
B Hactostillee BpemA HaHOoulee pacnpocTpaHeHHbIM ABJAeTCA MHeHHEe, 4TO 
-cetpyktypa LlentpambHo-IlamupcKoro mporn6a HeceT Cule{bI CHJIbHeMINero BJIMA- 
HMA COCeNHHX aHTHKJIHHOpHeB. CuntaeTcs, 4TO B TOH YacTH Nporu6a, KoTOpaA 
_pumpikaet kK Cepepo-[lamupckomy aHTHKJIMHOpMiO, MpeoOaqaior HasBUurK 
TOMHOFO HallpaBsleHuA, OTParKalollHe ABU2%KeHHE MACC C CeBepa Ha IO, C yKasaH- 
HOO aHTHKJIMHOPHA B CTOpoHy mporn6a. AnaJOrM4HO BOMb wWxAXHON PpaHHlbi 
'mporn6a mpeo6aqaioT HaBHrH CeBepHOrO HalpaBseHHA (ABMKeHHe MaCC 
_ c Tlamupo-[vugzykyuickoro anTukinHopus). Takum o6pasom, mpemlomaraetcs, 
uTO HajiBHraHve MponcxoyuNO oT NepudepHyeckHxX uyacTeli mporw6a Kk ero 
‘uentpy (?,?). f ; 
Ha mpumepe AxkG6alitanbcKkol CHHKJIMHaIH — CeBepHOH NOrpaHHuHon CTpykK- 
ies Llentpanbuo-IlamupcKoro mporn6a — oTYeTHBO BHJHO, 4YTO OTMeYeCHHBIe 
_TipefcTaBeHHA He COOTBETCTBYIOT JeHCTBHTeJIbHOCTH: NepeMelileHHe Macc TIpo- 
" HCXOMMNO He kK Ory, a K CeBepy, B CTOpoHy Cepepo-Ilamupckoro aHTHKJMHOpHA. 
B mpegenax norpaHH4Holi 30HbI Mexy MpOrHOoM H aHTHKJIMHOPHeM OTCYTCTBYIOT 
‘HagwBHrH ONnpefeneHHoro HanpaBuenusA. JleiCTBUTeIbHO, B }OKHOH YacTH Ax6ai- 
TaNbCKOM CTPyKTYypbI MIOCKOCTH HafBUroB MafaiwoT Ha CeBep, B CeBepHOH — 
Ha wr. IInockocTb KpynHoro HagBHra, pacnonoxenHoro B 10 kM ceBepHee AK- 
6aliTambcKoli CHHKIHHAIH, HakJOHeHa Ha ceBep. Haysur, KOTOpbIM Npocmexh- 
“BaeTCA B HECKObKUX KHJIOMeTpax ceBepHee B Oacceline pp. Knisbii-6enec, Mys- 
axunra u Myxkcy, uMeeT NIOCKOCTH, Maalolly!o Ha 107, a MAOCKOCTb HayBHTa, 
pacnonoxenHHoro B Npesenax sepo6epexba p. Amak, HaKMOHeHa Ha ceBep. 
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Takum o6pa30M, Kpynuelilive HaqBuru NepexoqHon 30HbI Mexkyy LlenTpambHo- 
Tlamupckum mporu6om u Cesepo-IlamupcKHM aHTHKJIMHOpHeM OTHOCATCA kK 
Pa3pbIBaM Pa3JIMYHbIX HalpaBeHHH, YTO UCKMOUAeT MpesMooKeHHe O ABU- 
*%KEHHH MaCC B CTOPOHY WeHTpaIbHbIX uacTeH mpornoa. 

V3 cKa3aHHoro O4eBHAHO, 4TO OOpasoBaHHe HaBHrOB BOJIb CeBepHoro 
6opta LlexrpambHo-IlamupcKoro mporu6a He CBA3aHO C BuMAHHeM CeBepo- 
TlamupcKoro aHTHKJIMHOpuA, a ABJIACTCA Pe3ybTATOM PerMOHAaJIbHOrO CKATUS. 

Bowiputioh MHTepec MpelcTaBJIAeT CTPyKTYPHOe COOTHOMIeHHe KpaeBbIX Ha- 
mBuroB AKOaliTaJIbCKO 30HBI H CK1aqOK, OKaMMJIAIOULAX ee ¢ CeBepa H tora. OOniy- 
HO HaG/HOAalOTCH OMHAKOBbIe HAaKJIOHbI CMOeB HM NMocKocTeH HafBuroB. Takoe 
COOTHOLICHHe MOXKHO BUJeTb B BEPXOBbAX Pp. Gop-Taul-KoN, rye COM B Mpeye- 
jlax ceBepHoro Kpblia aHTHKIMHamM My3koubcKoro xpeOTa H IMJIOCKOCTb 
1O*KHOFO KpaeBoro HaBHra HMeIOT OMHAKOBbIe HallpaBJIeHHA UM yIrvIbl Maye-" 
Hua. AHamOrHuHad 3aBHCHMOCTb HMeeT MeCTO B palione cpesHero TeYeHHA 
peKu, Ha rpaHulle ceBepHoro KpaeBoro HafBura AKOaliTabcKOH 3OHbI, orpa- 
HWMYMBaIOllero 1OXKHOC KPbIIO SopTaiKOJIbCKOM aHTHKIMHamM. OtTmMeyeHHoe 
COOTHOMIeHHe Pa3PbIBHBIX H CKaquaTbIX JMCIOKaWHH, a Take TOT (ak, 
YTO Pa3PbIBHbIe HapyWIeHHA OObIMHO CTPOrO KOHTPOJIMpy!oT KOHUrypaluio 
CKIaqOK B MlaHe, MO3BOJIAIOT CielaTb BbIBOA, YTO CKaqyaTble U pa3pbIBHble 
HapylleHua TeCHO TeHeETHYeCKH CBA3AHbI. CreqoBaTebHO, OOpa3s0BaHHe AK- 
OalTalIbCKOH CTPyKTYPbl H OOPaMJIAIOUNMX ee AHTHKJIMHAaeH Tak>Ke OOyCJIOB- 
JI@HO TOPH30HTaJIbHbIM cxKaTHeM. Ilo-BHAMMOMy, MepBol cTaquel JedopMallHu 
ABHJIOCb BOSHHKHOBeHHe AHTHKJIMHaIeH U pasleABUIeH UX CHHKJIMHAJH. 
B JaibHeHileM CHHKJIMHaJIb Oba pasONTa CHCTeMOM HaJBHroOB, a BHINOHAOMHe 
e€ TOPOJb! Obl BbIAaBJICHbI Ha CoceqHMe aHTHKIMHaIH. IIpHHuMaaA BO BHUMAa- 
Hue, 4TO cepua AkOaliTabCKHX HaJBUroB TeCHeHLIHM O6pa30M CBxA3aHa Cc TaHbl- 
MaCCKHM H, 10-BHuMomy, IloypcKuM HaXBHraMH, MOXKHO C4YHTaTb, YTO MpH 
o6pa30BaHHH MOCJIeIHHX TOPH3OHTaJIbHOe CKAaTHe TAKXKe HMeNO NMepBeHCTBY!W- 
mee 3HaueHHe. 


TeovlioruyecKH 9 HHCTHTYT [loctynuso 
Axkajlemuu HayK CCCP 27 XII 1960 


LHMTHMPOBAHHAA JIMTEPATYPA 


SET ile 


B 2.08, Teonornueckoe crpoenne CCCP, 3, 1958, crp. 175. 2? JI. B.H a- 
uHBKHH, II. 


orpajos, Teonorusx CCCP, 24, 1959, crp. 548. 
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Moxrnsagwm Anagemun nayx CCCP 
1964. Tom 138, Ne 4 


rEOMOrHA 


ll. B. ®EJOPOB, A. P. TENTHEP u B. M. MYPATOB 


O BPEMEHH MOABJIEHHA CPERWV3EMHOMOPCKHX 3JIEMEHTOB 
B ®AYHE UEPHOFO MOPS 


({] pedcmaeaexo axademuxom H. M. Cmpaxoeoim 2 I 1961) 


B uspectuon padote A. JI. Apxanreapcxoro ux H. M Crpaxora (1) ormeyaet- 
CA, 4YTO TMepBble NpescTaBuTesH CpeAN3eMHOMOPCKOH (bayHbl MOJJIIOCKOB 10- 
ABM JIMCb B UepHoM Mope B y3yHvlapcKoe Bpema. OnH Obl MpelcTaB.eHbl 9BpH- 
raJIMHHbIMM oOpraHusmMamu — Cardium edule L., Syndesmya ovata Phil., 
Mytilaster monterosatoi Doutz. u ap. OqHako ee panee H. A. Tpuropopnuem- 
Bepesosckum (7) 6blIo OTMeyeHO pucyTcTBHe Balanus sp. Bmecte c Didacna 
W Dreissena B OTJO*KeHHAX A PeBHESBKCHHCKOH Teppach Kapka3sckoro moGepexbs, 
B palione cel. Betts, Ha Bbicote 40—45 m. ; 

HeyaBuo Hamu (*) 6bi0 NOKa3aHO,4TO Mepexoy ApeBHeSBKCHHCKUX OTJIOMKeHHA 
_B y3yHJlapcKHe BecbMa nocTereHeH. Tak, Hampumep, Cardium edule L. ua Kep- 
YeHCKOM MosyocTposBe (ceBepHbI Geper ToOeunkckoro O3epa) NOABAeTCA yxKE B 
CaMHX J{PCBHESBKCHHCKHX cyiosx. Ha KaBka3cKkom noGepexbe UepHoro mops 
APeCBHESBKCHHCKHe UH Y3YHJIapCKHe OTJIOXKEHHA CBAZAHbI C OMHOM Teppacoli BbICO- 
Toh 35—42 m (1,3). Bce sto Jano OCHOBaHHe paccCMaTPpHBaTb J peBHeSBKCHHCKHe 
HM y3yHJlapckve OTIOKeHUA Kak CTpaTHrpadHyeckH eHHbIM FTOPH3OHT, HH3bI 
KOTOpOrO coOjlepmKaT ApeBHESBKCHHCKY1O (KaCnHMCKy1O) tayHy MOJOCKOB, 
a BepxXW — y3yHJiapckylo (ayuy a3oBcKoro Tuna. IIpu stom cbayHa MOVIJIOCKOB 
y3yHapcKux OTJO%KeHHH Kepyenckoro nogyocTrpoBa u wro-BocToKa KaBKa3- 
ckoro noOepexkba pa3nuuHa. B nepBom cyly4ae MpHCyTCTByIOT HaH6oulee IBPH- 
rayiMHHble cdbopmpl — Cardium edule L., Syndesmia ovata Phil., Mytilaster 
monterosatoi Doutz., Tora kak toro-BocTouHee Tyance oOHapy2xeHbI Tapes 
rugatus B. D. D., Venus gallina L., Cardium edule L. (*). Ananorwunas dbayna 
6blNa BCTpeyeHa HamH (Megopos, Tentuep) uv ua 40—45-meTpoBoh Teppace 
B [ypuu. 

Tlocnenytoulad o6pa6oTKa Hallux MaTepHaslOB mMoKasala, uTo Balanus, 
oOHapyKeHHbIii BnepBble H. A. [puropopuyem-Bepesonckun (?), a no3jHee HaMH, 
CBA3aH He C ocayKamu, cunTaBuiumuca A. JJ. ApxanrenpcKum u H. M. Crpa- 
xOBbIM ‘(‘) y3yHMapcKuMH, a C COOCTBeEHHO JpeBHeESBKCHHCKHMH OTVIO2XKeE- 
HHAMH. STO MOXKHO HaGmoxaTb y cen. Better (Kpuuuubl) u ele oTueTIH- 
Bee y cel. TeHrvHKM B OOHaxKeHHH, BiiepBble omMcanHom JI. I. Jasura- 
wBHIH (4). 

Hanomuum, uTo 3yecb (°) Ha aOpayMpoBaHHbIx mlacTax Mua 3aerawT 
CJOHCTHIe CBeTIbIe WeCKH C MpOCIOAMM M JIMH3AMM PbIXJOrO pakylleyHNKa u 
XOPOLMO OKaTaHHOH raJIbKM KOPeHHBIX Nopok, oOmle mowHocTHIO 4 M. M3 nec- 
KOB M pakylllegHuKoB ompeyenenbi: Didacna nalivkini Was., Didacna pallasi 
Prav., Didacna baeri-crassa Pavl., Didacna cf. subpyramidata Prav., Dreis- 
sena caspia Eichw., Theodoxus pallasi Lindh., Monodaena sp., Caspia ulskii 
Dyb., Micromelania cf. spica (Eichw.), Balanus sp. (okono JecaTKa 9k3eMmA- 
pos). Bate sexKaT CJIOMCTbIe CBeETIO-*KeJITHIe MeCKH C OOMMbHOM TaibKo H 
‘pakoBunamu Cardium edule L., a Taxxxe o6m0mKamu Didacna, Dreissena u gp. 
H3 noscTuarouyux meckos. MoutHoctTb 4 m. Hanuuue Balanus B Tone neckos, 
(CUHTABLIMXCA JIPCBHESBKCHHCKHMH, OecciopHo. 
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CnelopaTeIbHO, y2Ke B ApeBHe2BKCHHCKHX OTJOwKeHHAX KepuencKoro Mosy- 
ocTpoBa BcTpeyaiorcs peykue Cardium ‘edule L., a Ha Kapkasckom nmo6epexbe 
B TeX Ke COAX Haliyena oOvIbHaA cbayHa Balanus BMectTe c OoraToH KacnHii- 
cKoH cayHoi. 

Ha Kapxkasckom mo6epexkbe Uepnoro mops, Bblue 40-meTpoBoh Teppacnt, 
COXKCHHOM JpeBHeESBKCHHCKHMH M y3yHJlapCKMMH OCaqKaMH, COXpaHHacbh H 
6omee BbICOKaA Teppaca, JocTHratoulad oTMeToK 60—65 m. [Oro-BocTouHee 
Tyance (°) B ee OTNOXKeHHAX Obla BCTpeyeHa OeqHad MeKOpociaa cayHa; 
Didacna cf. nalivkini Wals., Didacna sp., Dreissena, 4TO a0 BO3MO%KHOCTB 
WaTHpoBaTb ee TakxXe JIPCBHEIBKCHHCKHM BO3PacTOM. 

B 1960 r. B. M. Mypatospim copmectuo c JIM Xya-UxaHom (MHcTHTYT reo- 
rpaduu AH CCCP) us oTnoxKeHuit 60-MeTpoBoi Teppacbl B palove JonMHEI He- 
6yr Obima coOpana cueqyroujaa cpayHa*: Cardium edule L. y3yHmapckoro Tuna 
(menkue, equHuuupie), Didacna nalivkini Wass., D. cf. pallasi Prav., D. sp. 
(nepexonHaat mexay D. trigonoides Pall. u D. parallella Bog.), Dreissena 
eichwaldi Andrus, Monodacna sp. Sta dbayHa mpuypoueHa K JHH3aM pakyuieu- 
HHKOB, 3auleraiollux B YrpyOblX YTaJIeUHHKOBbIX KOHIJIOMepaTax,  MOIII- 
HocTbio 1,5 M. Boptlle pa3BHTbl MeJIKO3e€PHHCTbIe TOHKOCJIOMCTbIe ueCcKH 
MOILLHOCTbIO 2 M. 

YuuTHIBadA HasMune peakux Cardium edule L. B ApeBHesBKCHHCKHX OTJIOMKe- 
HHAX CeBepHoro Gepera To6euuKcKoro o3epa, Balanus B ApeBHesBKCHHCKOH 
Teppace y ce. Betrat (Kpwuuia) u cen. Tewkuku uw Cardium edule B orno- 
*KeHHAX 60-MeTPOBOH ApeBHeIBKCHHCKOH Teppacbl y cen. HeOyra, MoxKHO Fo: 
BOPHTb O TOM, 4TO y2Ke B CAMOM Hadale APeBHESBKCHHCKOrO BpeMeHn BO BMAaHHy 
UepHoro MOpA Havas MpOHUKaTb 9BPHFaJIHHHble JIEMeHTbI CpeH3eEMHOMOPCKOH 
(bayHbI MOJWIHOCKOB. Bo3MOxXKHO, 4TO B pe3YJIbTATe MaJIbHeMMIMX MCCIeqOBaHHE 
B 3TOH OGaCTH B peBHeSBKCMHCKHX OTJOMKeHHAX OyAyT yCcTaHOBJeHbI HW Apyrue 
HpeAcTaBUTeIM CpeH3emHOMopckon cbayHbl. MoxkHo TakxKe Mpelno/araTh, 43T 
B JOrO-BOCTO“HOM HalpaBseHHH Ha KaBka3CKOM MOoOeperKbe PpOJIb CpeH3eMHO 
MOPCKHX 3JIEMCHTOB B COCTaBe JPeBHESBKCHHCKOH dayHbl OyyeT nocTeneHH 
BO3pacTaTb. | 

Bowbuioh HHTepec B JTOM OTHOWeHHH MpesctaBisetT Typelkoe oC eae 
Yepnoro mops, rye BMOoNHe BeposATHa H Oomee OoraTad CpeqH3emMHOmMOpcKa 
cbayHa B cocTaBe dayHbl y3yHapcKHX HM JpeBHeSBKCHHCKHX OTJIO%KeCHHH 
He vckm1o4eHa, HaKOHell, BOSMOXKHOCTb HaxomweHua Tam Cardium edule L| 
uv Balanus 4 B Oomee ApeBHUX (YayIHHCKHX?) OTIOMKeHHAX. | | 

Takum o6pa3om, ocHoBHOH KpuTepuit A. JI. Apxanrenpcxoro u H. M. Crpa' 


1 


xoBa (') JWIA BbIJeIeHHA Yy3yHNapCKHX OTJO%KeHWU, KaK OCaqKOB OacceiHal 
KOTOPbIH MO CBOeMy COJIEBOMY PexKHMY H dayHe MOVJIJNOCKOB CYIILeCTBEHH( 
OTIMYAaICA OT MpeWeCTBOBAaBlIerO APeBHESBKCHHCKOrO, Hao Mpu3HaTb ycTal 
pepuuM. H3n0x%eHHble BbILe JaHHble MOKAa3bIBalOT, YTO J peBHeESBKCHHCKHe 


y3yHJIapCKHe OTJIOKeCHHA CBA3ZAHbI Mey co6oH mocTeneHHbIM Tepe xOJOM 


3JIEMCHTOB B JPEBHEIBKCHHCKHX OTJIOMeCHHAX H UX Oolbliee pasHoodpasne } 
Y3YHJIapCKMX COAX OTPaxKaeT MOCTENCHHOCTS TIpolecca OCOJIOHEHHA B pe3syJIb) 
TaTe yBeJIMYeHHA IIPpUTOKa CpeM3eCMHOMOPCKHX BO BO BNayquHy UepHoro mops 

Bce sTo JaeT BO3MOAKHOCTh PaCCMATPUBATb JPeCBHeESBKCHHCKHe U y3yHsMapCKH) 
OTJOKeHHA KaK CTPaTHrpapuyeckH CAMHbIN TOPH3OHT, KOTOPbIM, MO-BHMMOMY, 
CleqyeT WMCHOBaTb 9BKCHHO-y3yHJlapCKUM. { 

IIponukHopenve Cardium edule u Balanus B HayanbHbili MOMeHT ApeBHe 
SBKCHHCKON TpaHcrpeccHH MO3BOIAeT HaM MpesnosaraTb, YTO ypoBHU Uepxors 
u CpequsemHoro mopeli B sTy STOXxy He OTMMYANUCh CyWeCTBeEHHO Apyr oT Apy 
Pa, MOCKOIBKY Mey HUMH CYL[CTBOBAJ B3AHMHbIH BOAOOOMeH. Tora Mp Kop) 
peIANMH Y3yHIapcKoH WM ApeBHeSBKCHHCKOH Teppac KaBka3cKoro moe pexKb| 
C COOTBETCTBYIONIMMH TeppacamMuH Cpesv3eMHOTO MOP MO%KHO HCMOJb30BaT 
H HX BbICOTHLIE OTMeETKH, ConocTaBaa 35—40-metpoByio Teppacy Uepxor) 


* Onpexeaenua IT. B, Penoposa. 


{82 


Mo px C THppaHcKos I Teppacof Cpequsemnoro mops, a 60-merpoByi0 Teppacy, 
-COOTBETCTB eHHO, C MUJalicKOH (CuuMuicKoH II). 


_ Peonorwgecknit HHCTHTYT — Tocrynnsio 
Hi Akayemuu nayk CCCP 27 XII 1960 


de c Macrutyr reorpapun te 
AxanemuH waykK CCCP 


HMTHPOBAHHAA JIMATEPATYPA 


2A... Apxaureapekui, H. M. Ctpaxos, Teonormueckoe crpoenne u 
acropua pa3spuTua UepHoro mops, W3g. AH CCCP, 1938. 2H. A. [Tpuroposue- 
epe3o0BckHA, 3an. Hosopocc. o6m. ecrecrsoucnbitatenel, 1, Ogecca, 1903, crp. 25. 
ll. Bs ®enxopos, A. P. Tentuep, Tp. leon. uncr. AH CCCP, B. 32 (1959). 
Tt. B. ®enopos, JAH, 127, Ne 4 (1959). 
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Jloxnaygwn Axanemun nayr CCCP 
1961. Tom 138, Ne 1 


TEO/JIOCH fl 
10. A. XOJAK u M. B. YEBOTAPEB 


K TEHE3HCY CHHHAMCKHX MATHE3SHTOBbIX MOPOS 
MAJIOrO XHHrAHA 


(IT pedcmasaexo axademuxom JI. C. Kopscurcxum 19 1X 1960) 


B cTaTbe NpHBOLATCH HEKOTOPble HOBbIe JaHHbIe HO MarHe3HTOBbIM MOpojam 
Manoro XuuraHa, KOTOpbIe MOryT CBHJeETeIbCTBOBATb B TOJIb3y HX OCaOUHOrO 
mpoucxowyjeHua. Marne3utosble nmopofzbt Manoro X¥MHraHa 3aeraioT B BUe 
JIMH3 HempaBHbHON cbopMbl Cpe CHHHHCKHX JOJIOMHTOBLIX MOpos, MypaHyaB- 
CKOi CBUTbI, ZocTuratomlel mo mowHocTu 600 m (’,!4). JlMH3bI MarHe3HTOBBIX 
MOpOJ, YAJIMHeHbI MO HallaCTOBaHHiO VM BLITAHYTHI WeNOUKOH B CyOMepHAMOHAJIb- 
Hom (CCB) HanpaBuleHHH, 3aJlerad cCOrjacHO C BMelaloOllHMH HX JOJIOMATO- 
BbIMH TOpOfaMH, HW MpMypoOueHbl K HHKHEM YaCcTH MYypaHaBCKOH CBHTHI. 
STO MaeT OCHOBaHHe CUHTATb HaJIMYMe MArHE3HTOBLIX MOPOA ONpPeeJIeHHBIM J10- 
KaJIbHbIM CTpaTHrpamvyecKHM MpH3HaKOM, 4TO HM UCMOMb3OBaNOCb HCCeOBAa- 
TeIAMH pH reosorHyecKoH cbemMkKe palioHa. J[OOMUTOBbIe H MarHe3HTOBbIe 
NOpOdbl MypaHZaBcKOH CBUTLI, MpOPbIBalOlHecA WIMPOKO pa3BHTbIMH 3)eCcb Ma- 
JeO3OHCKUMU TpaHHTOWaMu, B paHOHaX Ppa3BHTHA MarHe3HTOBbIX JIMH3 OOJIb- 
WeH YaCTbIO He HECYT CIEOB H3MCHEHHH, CBAZAHHBIX C KOHTAKTOBbIM HIM TULZpo- 
TeEPMAJIbHBIM BO3ZeCHCTBHEM FpaHHTOHOB. 

BmellaiouiuMu MarHe3HTbI NOpoaMu ABJIAIOTCH JOJIOMUTbI, B TOM 4HCuIe H 
rIMHUCTbIC JOJIOMUTHI, COeprKalllve MHOFOUNCJIeHHbIe MpOcIOH yrJIMCTO-cepH- 
WHTOBbIX, CEPHIHTOBbIX, JOJIOMMTO-CepHILHTOBbIX CJIaHIeB H CeMMeHTALMOHHBIe 
JIMH3bI KpeMHeH; mocweqHHe OU€Hb HANOMHHAIWT aHaJIOrH4Hble JIMH3bI KpeMHeH, 
pasBHTble B KapOoHaTHbIX TOMMax Esponetickow uacta CCCP. Jlonomutsr 
cepble, 2KeJITOBaTO-cepble, MeCTaMH TeMHO-cepble; B HHX HaOsoaloTCA peskO 
BbIPaXKeCHHbIe TOHKHe CeAHMCHTAWHMOHHbIe TeKCTYPbl H CTPyKTypbl (TOHKO- H- 
BOJIHHCTOCJIOHCTBIe, OOJIHTOBbIe, TCEBJOOJIMTOBbIe,  CIYCTKOBbIe), 4TO CBH 
J\€TeJIbCTByYeT O C1a6OM HU3MeHeEHHH Nopog. JLoOOMUTOBbIe OCOJINTHI, BCTpeyeHHBe 
B 3THX MOpokax, aHaJIOrHYHbl TaKOBbIM H3 HHWKHEKeEMOPHHCKUX CeHMeHTA- 
WHOHHEIX LONOMHTOB AnfancKoro paiiona AxytcKoh ACCP (°). 

MarnesHToBble JIMH3bI, 3aleralollve B TOU CIOMCTHIX JOJIOMHATOBEIX MOpol, 
XOTH HM JIMMIeHbI CIOMCTOCTH, HO COXpaHHJIM pA YepT, XapakTepHbIX JIA Ocaoy- 
HbIxX Nopox. MakpocKonnyecKH MarHeSHTbI MpelcTaBsaroT dapcdopoBuAHEle HH 
aJIEBPOJIMTOBHHbIe MJIOTHbIe NOpOAbl, OONayaromlMe PaKOBHCTbIM H3JIOMOM. 
Mectamy OHM Cojlep2KaT TeMHO-Cepble M Cepble BKJIOUCHHA KpeMHeM, aHaJOrHy- 
HbI€e KPe€MHHCTHIM JIMH3aM JOJIOMHTOBHIX NMopox. B MarHe3HTOBbIX Nopowax, 
cofepKallux CyUlecTBeHHy!O TIpHMecb JOJOMUTa (MakpocKoNHMYeCKH ceporo: 
WIM Te€MHO-ceporo) H KP@MHEKHCJIOTH, HaG/OMaloTCA MATHUCTHIe TeKCTYPpbI, 
O6ycJIOBJICHHbIe BTOPHYHLIM MepepacnpeseseHHem OcaOuHOrO BelllecTBa B Mpo- 
wecce 9TMreHesa M perHOHaJIbHOrO MeTaMOP(H3Ma, CTHJIOJIHTOBbIe IWIBbI, BbIIOJI- 
HeHHbIe JOJIOMHTOM, IeJIMTOBbIM H YIJIHCTbIM BeIleCTBOM MW OTYACTH TOHKOarpe- 
raTHbIM KBapiem. UacTo mepexo OT CpaBHHTeIbHO UHCTHIX MarHe3HTOBbIX 
MOpok, coepxKamHux Jo 1—2% CaO, kK ZonomutTam mocteneHeH. Mectamu mar- 
HE3HTOBbIC JIMH3bI OKPyXeHbI NOJOCOM NOJOMHTOBLIX MOpos, cosep Kalyx MHO- 
TOUHCJIEHHbIe BKPalJIeHHA MarHe3HTa. OHM BbIeAIOTCA MAKPOCKONHYeCKH MO 
6enomy uBeTy * (puc. 1). 


* MarnesHTo-200MHTOBbIe H MarHeSHTOBble MOPOAbI U3y4aIHCb HaMH C NpHMeHeHHeM pe- 
aKUWH OKpalHBaHHA WTyPoB WH WAHpoB, H3POTOBeHHBIX NO MeToquKe M. H. @aneesa (5), qH- 
beHHKapOa3HOM; MarHesHT pH 3TOM MpHOOpeTa KpacHOBaTylO OKpacKy, JONOMHT xKe OCTa- 
BaJICA HeOKpallleHHbIM. 
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HepezKo B MarHe3HTax BCTpeyaloTCA OTIeibHbIe MeTKHE yellyHKH cepH- 
WMTa, MpecTaBJ AIOULHe paCKpHCTaJU30BaHHOe MeJIMTOBOe BelLecTBO, II0 CBOeEMY 
XapakTepy aHaJorHuHoe NeJIHTOBOMY BeMeCTBY BMeULalOllHxX MarHe3HTbI JOVJIO- 
: MHTOBbIX WM PIMHMCTO-JOJIOMUTOBbIX nopog. [lox MHUKPOCKONOM MarHeSHTbIl o0Ha- 
4 PYKUBAIOT MUKPOKPHCTaIM4eCKyIO, a MecTaMH HesCHOCryCTKOBYIO CTpyK- 
_ ‘Typy. 


SN a 


Puc. 1. Bkpansenu Marue3HTa B JOMOMHTOBOII nopore. 
lltyd, HatypaiibHad BenuunHa 


ene Ee th er aa 
= pate 4 
° 


Cpequ MONOMNTOBLIX Mopos BOH3H MarHe3HTOBbIX JIMH3 ObIJIM BCTPe4eHbl 
TOHKOCJIOHCTLI€ MarHe3HTO-JOJIOMHTOBbIe Moposbl. MenkokpuctTaMyecKHi JO- 
JIOMHUT, 4aCTO C CiepOHTOBbIM NoracaHveM, CJlaraeT OCHOBHYIO Maccy 93THX 
opog. Mexzy 3epHamu JomomuTa HaGsO_aioTCcA crycTKH M MCeBJOOJUTHI (JO 
_1—2 MM B quametTpe), cnoxKeHHbIe OebIM (MaKpOCKOMHYeCKM) MUKPOKpHcTas- 
_JIMYUeCKMM MarHe3HToM. HavnOonblee KOMYeCTBO BKpalvleHHH MarHe3sHtTa MpH- 
YpOueHO K ONpeAeJICHHbIM MpOcsoaM, 
YTO OTHETJIMBO HaOsl0qaeTCA B UITy- 
cpax u wuiudax (puc. 2 u 3). 

B pa3pe3ax JOJIOMHTO-MarHesHTo- 
BbIX NOPO ObWIH BCTPeyeHbI CBoeOO- 
pasHble MarHeSHTO-JOJIOMHTOBbIe 
OpeKYHH H MarHe3HTOBbie «rpaBedi- 
JIHTB. Bpekauu cCocToAT u3 OesIbIx 
HeIIpaBHJIbHOH POPMbI OOJIOMKOB (OT 
MevIbuaHiwHx JO 3cM NO IMHHOW 
OCH) MHKpOKpucTasIMuecKoroO Mar- 
He3HTa, CI\CMCHTHPOBaHHbIX CepbIM 
WM TE€MHO-CepbIM MeJIKOKPUCTaIM4e- 
ie CKHM JOJIOMHTOBbIM ILEMeHTOM H BBI- 
Puc. 2. TonKocsouctast yonomutopaa nopoja H TAHYTHIX mo cmoucTocTu (puc. 4). 
_TpHypoveHHble K OTACNbHBIM MpocwoKaM MHO- «| paBeJIJIMTbI» MPeACTAaBJIAIOT OeJIbIe, 
> POUHCJICHHBIC M@JIKHe BKpallvwieHHA Oenoro Mar- MeCTaMH C. CBeCTJO-2KeJITOBaTHIM OT- 
} Hesuta Wty, HarypaibHad BenuunHa 

TeHKOM (papdopoBHAHbie NOpoybi 
4 C PaKOBHCTLIM H3JIOMOM, MaKpOCKO- 
MMYeCKH MOUTH He OTHYMMbIe OT OTMCYCHHHIX BbIe MarHesHToB. «O6m0Moy- 
‘Had TEKCTYPa «TpaBeJIHTOB» YeTKO BbIABIIACTCA JIMLb B WIMAX, B KOTOPBIX 
BUJHO, YTO STH NOpOsb COCTOAT U3 «OOMOMKOB» WAM HeMpaBHJIbHOOKPYTIbIXx 
MHHJaJIMH, JuaMeTpoM Jo 0,3 MM, CJIOMKCHHBIX TOHKOKPHCTaJIJIMYeCKMM MarHe- 
HTOM, Me?KIy KOTOPbIM pa3BHT Govlee KpyNHOKpucTanamuueckuli (MuKpO- 
KpucTasIMuecKHH) MarHe3HTOBbIli IeMeHT. 
_B nomb3y ocagqouHoro reHe3Hca MarHe3HTOBbIX NMoOpod, OOpasoBaBluxca, 
O HallleMy MHeHHIO,B pe3ysJIbTaTe MepepactipeyeseHuA KapOoHaTa MarHHA B 
TMIEPBHYHO MepecbileHHbIX MarHHeM JOJIOMHTOBLIX Moposax B powecce s1HreHe- 
3A M PCTHOHAJIbHOrO MeTaMopdu3Ma, CBUJETeJIbCTBYIOT KaK OOHK CaMHX MarHe- 
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3UTOBLIX HM MaFrHeSHTO-OJOMHTOBEIX MOpog, XapakTep UX Me PBHYHBIX TEKCTP 
MU CTPyKTYP, TaK M_BSAHMOOTHOWICHHA C BMeILAalOWHMH JIOJIOMATOBLIMH NOpo 
B) ific tant apie 

ovat A. Myauies (2)"Ta1oKe Obl CKIOHeH CUMTATb MarHesuTE! Manoro Xuurans 
ocalouHbiMu OOpa3s0BaHHAMu. CXO,HbIe B3AMMOOTHOUICHHA H_XapakTep MarHe 
3HTOBLIX H JOJOMMTOBLIX TOpO OTMe4aloTCA B PaHOHE CT. Tlaumuao (ceBepo 
Boctok KHP), o6cmeqosanHom IO. A. XoyakoM netom 1957 r. B 39TOM pation: 
MarHesuTOBble MOpOgbl, OGaqaioulMe 30eCb OFPOMHOH MOUIHOCTbIO ( 
IipHypoueHbl K OCHHUNCKOH ere: CepHH M MHTeHCHBHO H3MeHCHbI —- 

bIM THEPOTepMaJIbHbIM IIpOeccoM. ; | 
ie par cone (A. B. Illymmep, H. WM. Muxalinos WU Ap.) oObacHa| 
o6pa3osanue MarHesuTos Masoro Xunrava BosqeHCTBHeM Ha JOJOMUTOBHIe TO! 


Puc. 3. Muxpocororpapux mpenbity- Puc. 4. Marnesnto-20/0MHTOBaH  Opek- 
mero wiryda. Bugen crycToK, CJ10- uu, O60MKH MarHesHTa — Gesl0e; BHX- 
7KEHHBIH MUKpOKpHCTadJI M4ueCKHM Ha coucroctp. IlIryd) 


MarHesHToM. Inu, 160 


ULM MpOpbIBaIOWAX HX MaleosolicKUX PpaHUTOMAOB UM CBA3AHHbIX C HAMM THAp 
TepM. Teopua rHqpoTepMaJIbHOrO MpOWCXOKAeEHAA MarHesHTOB He MoxeT yO 
IMTeIbHO OGOCHOBaTb BOMpoc 06 ucTOUHMKaX MarHuaA. JIONOMUTHI MypaHsal 
CKOH CBHTbI MOPJIM Obl IPH 9TOM ABHTbCA EMHCTBEHHbIM HCTOUHHKOM MarHuAl J 
o6pa30BaHHA MarHesHTOB, Tak KaK J[PyrUX JOJOMATOBBIX TOM B paspese Mano} 
XuyraHa He HaOmogaetca ('*). C 9T0H TpyqHOcCTbIO cTomKHysIca u Hanno 
(8) mpu oObacHeHMM YTeHe3HCa MarHe3HTOBbIX MecTOpoxKenul paliona ch 
Jlammusao, Ha 4TO yKa3bIBas euye Huumxapa ('4, }°). B 30He Bo3sqevicTBHA HHTP 
3HH Ha JOMOMUTHI OOpasylOTCA He MarHe3HTbl, a NOMOMHTOBbIE MpaMOpbI C HOB 
06pa30BaHHbIM TaJIbKOM, TPeMOJIHTOM, (bopcTepHToM, OpycuTOM, aHTHrOpHTO 
AMOMNCHOM, KaJIbILMTOM MH JPyrHMH MHHepaslaMu WIM MX pa3sqOJIOMM4eHHbIe pai 
HocTu (*, °, 1°). C o6pa30BaHHeM MocieqHuX CTOPOHHUKM PuspoTepManbHOw 
reHesuca HM CBA3bIBaIOT TIpOHCXOKMeHHe MAMOXMHTAaHCKHX MarHe3sHToB. Me 
TeM, B paHOHaX Pa3BUTHA MarHesuToBbIxX Mopoyx Ha Manom Xuunrane, a TaKkxb 
B pahoue cr. Jlammua0, rHqpoTepMaJIbHbIe pas{OOMUYeHHbIe MOPOAL MpakT} 
yeCKM OTCyTCTBYyIOT. B cBA3H C STHM MIpelCTaBMeHHA O 30HAJIbHOM pacmpeneut 
HMM pa30OAOMM4eHHBIX OPO (KaIbUMTOBbIX MOPOA H MarHe3HTOB), BOSHHKAalt 
M{MX BOKPyl HHTPy3HBHOrO OYara NOX BO3LeHCTBHeEM THAPOTepMaMbHOH eATeNF 
HOCTH, lepeMenlaiouleH Ha WeJIbIe KHJIOMeTpPbI TpOMaHble Maccbl MarHua (Kd 
Ooslee MOBYKHOFO KOMIMOHEHTA 10 CpaBHeHHIO C KaJIbItHeM), ABJIAIOTCA Mad 
OOOCHOBaHHBIMH. 

Bce cka3aHHoe elle pa3 Mos4yepKuBaeT, 4TO B HacTosIlee BpeMaA Haspe 
HeEOOXOAMMOCTh KPHTHUeCKH MepecMOTpeTb THAPOMeTacoMaTHyecKue Mpeycra 
JIGHHA Ha MpOWCXomyeHHe JPCBHHX MAFHe3HTOBLIX MOpOR, 3aleraouwlux cpe 
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-C@QHMECHTALLMOHHBIX JOJIOMHTOBBIX TOVJIII, HM BbINCHATb BO3MOXKHbIE yCJIOBHA 
OO6pas0BaHHA MarHeSHTOB OCaJOUHbIM IyTeM. O6 3TOM CBHJeTeIbCTBYIOT PAL 
OmyOJIMKOBaHHBIX B JIMTepaType MaTepHasIoB 110 OCaOUHbIM MarHe3HTOBbIM Opo- 
4 aM ((, ) . oa ae 27) u Ip.). 


CopeT MO H3yYeHHIO MPOH3BOANTebHBIX CHI Mocrynus 
AkajlemaH HayK CCCP \17 IX 1960 


‘lambHeBOCTOUHOe reovlorHuecKoe ynpaBsieHHe 


UMTHPOBAHHAA JIMTEPATYPA 


'T. H. Beapxkos, Teopusngeckue uccteqopanuaA COJIeHOCHBIX OTIOKeHHM KyHTypa 
wmOaescxoro IIpHypantpa, 1945. 2C. A. My3ptaes, Cos. reon., Ne 6 (1938). 
Tl. 11.Cmoaun, Tp. HMucr. reom. nayk AHCCCP, s. 165, nerporpadua. cep. (47) (1955). 
H.M. Crpaxos, A.H. WBpertxKos, 3an. Beepoccniicx. mun. o6m., 73, Ne 4 (1944). 
M.W. ®agees, 3an. Bcepoccuiick. mun. o6ur., cep. 2, 84, Ne3(1955). § E.K. Opo- 
oBa, H3s. AH CCCP, cep. reon., No 5 (1955). *7M.B. Te6otapes, Cos. reon., 
*8 (1958). § A. XapxKep. Meramopdusam, M., 1937, ® IO.A. Xogax, JAH, 106, 
fo 2 (1956). 10 10.A. Xogak, Ws3s. AHCCCP, cep. reon., Neo9 (1956). 4%410.A. Xo- 
\ 4ax, Tp. Wucr. reonoruan AH KHP, Ne 5 (1958). *@H.A. Apxemekuiu, JAH, 104, 
m we 4 (1955). %K. Niinomy, Econ. geol., 20, 1 (1925). “4A. Nischihara, 
» Eng. and Min. J., 19 (1925). 318A. Nischihara, Econ. geol., 26, 1 (1931). 
» * F.H. Stewart, J. Min. Soc., 28, Ne 206 (1949). 17 B. Zorkovsky, Geol. 
) sbor., Ne 1—2, 6, Slovenskej Akad., 1955. : 
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oknage Akagemun nayr CCCP 
1961. Tom 138, 1” 


MHHEPAJIOL HA 


H. B. JIOTBAHEHKO, Tr. B. KAPMOBA u B, T. KOCMAYEB 


O CHCTEME H30MOP%HbIX 3AMELIEHHH B KAPBOHATAX 
rPyYNMbIl KAJIBUUTA OCAXROUHOTO TEHE3SHCA 


(I1pedcmaeaeno axademuxom H. B. Beaoeoim 29 XII 1960) 


B muHepasiornyecKon JIMTepaType ONMMCaHbl JIMIb OMHApHble CepHn H3OMOp- 
puzma (!,?,4). O momwMKoMNoHeHTHOM cHcTeme H30MOpdHbIX 3amemeHuH (Fe, 
Ca, Mg, Mn)COs umetotca Becbma ckyyHble cBesenun. Tak, J[ana (*) yKa3prBaer 
Ha BO3MOXKHOCTh MOJOOHOM CHCTeMbI, OJHAKO 6€3 KaKUX-HOO JeTAaNbHbIX O60C- 
HOBaHHhH. 3 

Bo muorux paOoTax M0 MHHepasoruu COXHKHbIE HZOMOPPHbIe CHCTeMbI Tak2Ke 
He MOJIYYMJIH OCBELCHHA, a B HEKOTOPbIX PYKOBOJCTBaX TAKOH H8OMOpCPH3M JaxKe 
uckouaetca (*). B To xe BpeMA B PALE CIy4aeB MPH HCCeAOBAaHHN KapOoOHAaTOB 
XMMHMYeCKHM TYTeM B CocTaBe KapOoHaTHOK 4acTH ycTaHaBJMBaloTcA Fe, 
Ca, Mg, Mn, mpvuem mpoctple co S3THX J/eMeCHTOB He OOHApy2KHBalOTCA Hu 
PeCHTTeHOBCKHM, HH KPHCTaJJIOONTHYeCKHM, HH TepMHYeCKUM, HH JPyrHMy me- 
TOJaMM MCCeOBaHHA. 

C uzsomoppu3mom Fe, Ca, Mg uw Mn Mbt cTOKHYysMCb MIpH H3y4YeHHH Kap6o- 
HaTHbIX J\MareHeTHYCCKHX KOHKPellMOHHBIX OOpasoBaHHu TaBpHyuecKorO dua 


Ta6auna 1 


| O6p. | O6p | O6p. | O6p. 
Ne 3386 Ne 5083 | Ne 6112 Ne 6040 
CaO 16,20 1onoe | 4,83 3,14 
MgO Danie 2,50 4,34 0,95 
FeO 18,26 22,36 24,80 34,90 
MnO 0,84 ‘Pal | medi 3,42 
R.Os 1,14 105 1,08 2,08 
P.O; 3,36 2,14 1,50 0,98 
So6uy icy 0,16 0,20 = 
Copr 4,82 0,70 il AND) _ 
CO, 15,21 23,46 20,07 21,01 
Hepacrs. ocr. 38,72 29,25 37,47 32,64 
Cymma 98 ,42 98,23 97 ,80 99,12 
CaCOz 38 ,80 35,84 9,81 5,06 
MgCOgs 9,25 Lo, 14,75 2,85 
FeCOg 49,67 53,65 68 ,69 83,88 
MnCOgs 2,28 3,04 6,79 8,24 
Cymma 100,00 100,00 100,00 400,00 


Ilpumevau ne. OG6pasen, No 3386 — u3 Huxueh aprusanToBOH panmon_HOk 
Tom (Pbi6aube), O6pasuni No 5083 u 64112—sepxneh aprunnutopoh danuuio- 
uAHok Tomumu (YcKioT), Ne 6040 —u3 Apepuero HOpManbHoro huuma (Bopxpak). 


Kppima. B ux cocTaBe, Kak 9TO cielkyer U3 Ta6n. 1, O6bI4HO Gonee 49—50 %, 
IpHHayexKUT %KeesucTOMy KOmMnoHeHTy. CoyepxkaHue CaCOs B oTsembHbIX 
oOpasyax yocturaer 38—39% (3a BLIMeTOM KaJIbILMA, BXOMAMerO B pelmerKy 


188 


ee | 


tpocdpata) H OOBIGHO MpeBbilliaer comepxaHHe MgCO, uv MnCOs. S10 npencTaBsaer 

_ ocoObiii HHTepec B CBA3H C TeM, 4TO Wud OuHapHoli cepHu FeCOs — MgCOs 

_ ycTaHaBiuBaeTca HeorpaniyenHaa cmecuMmocTs, a aia FeCOs — CaCOs mpe- 

ppipuctas (1,*,11), mpHyem B Halllem cayyae co- 

Q 20 400 600 800 10007 |nep»KaHHe CaCOs B cocTaBe CIOXKHOH CMecH mpe- 

BbIMaeT HSBECTHbI€ Npesesbl WIA OnHapHoro 
paga FeCOs — CaCOs (2). 

Croup H30omopdu3m Fe, Ca, Mg u Mn B 
OMHCHIBAeMbIX KapOoHaTax MOATBepmKTaeTca ce- 
ILYIOULHMH ~MeTOaMH: 

1.Kpuctatmoontuyeckoe u3syue 
H He. KoOHKpelHH 061aaioT MOHOMHHEep aJIbHbIM 
cocTaBOM, Mpoctbie Kap6oHaTb! Fe, Ca,Mg, Mn 
He ycCTaHaBMBaioTca. BewlecTBo KOHKpellHe- 
OOpas0BaTeA XapaKTepH3yeTCA OLHOOCHOCTbIO, 
OTPHIaTeIbHBIM 3HAKOM (rpynna KaJIbiluTa) H 
sHayeHuaMH Ny To 1,780 no 1,850—1,860, uTo 
ye O1H3KO K NOKa3aTeIO YHCTOrO CHepHTa. 
Bpicokve 3HaveHHaA No COOTBETCTBYIOT CHJIbHO 
2KeJICSHCTHIM WICHAM H3OMOP@HOH CHCTeMBI. 

2. TepMuHY¥ecKoOe H3Y4eH He. OG} 
30p JIHTepaTypbI No TepMorpadHH NoKasbiBaeT, 
Puc. 1. Kpusuenarpesanua xon- 370 WBOHHbIe COMM XapakTepHsyloTca nocae- 
KpellHii H3 TaBPHYeCKOH CepHH WOBATeJIbBHOH THCCOUHaAIHeH COCTABJIAIOUIHX KOM- 
Kpnima. PexkHM Tepmuyeckoro  MOHEHTOB, B TO BP€MA KaK IMpocTble CoH H 
anamHsa- CKOpOCTh HarpeBaH4a ‘ysoMOpipHble CMecH — OfHOKpaTHOH ('?). 
ce cracanornane A. VW. L[perkossim, Hanpumep, oKa3aHa 

sas! TepMonapa ceyeHiem 0,5 mm OJHOBP€MeHHOCTH AuccounauMH (Mg, Fe)COs 
A jlaxKe B cocTaBe aHKepuTos (*). Takum o6pa3om, 
| TepMHYeCKHH MeTO ABUIHeTCAH BeCbMa BaXKHBIM JIA ONpeyelenus XapakTepa 
Karo COe@¢AHHEHHA KapOoHaTHBIX KOMMOHEHTOB. 

_ . Micnpirsipapuineca o6pasiint xapaKktTepH- 

" ayiores KPHBbIMH HarpeBaHHa (pune. 1), aia @ 200 400 600 800 w00T 
f KOTOPBIX CYIICCTBCHHBIMH SBJISIOTCH: 3SHIO- 4% 
_ TepMHYeCKHH mporH6 c NHKaMH B HHTepBa- 
' ae 500—580°, cBa3aHHBIi c muccomMarlHeli 
_ KapOonaTa, H CieqyioulHii 3a HHM 9K30Tep- 
| MHYeCKHH SPeKT OKHCJICHHA JBYXBaJIeHTHO- 
- ro »xese3a (580—720°). MxHorga Ha6mtogaeTca 
_ AONOHHTeIbHAA TepopMalluat KPHBOH, OTBe- 
_ yalollad SK3OTEPMHYeCKOH peaKIHH B OOva- 
_eTuH 780—850°, Korgqa mponcxoyzHT o6pa30Ba- 
“HHe KPHCTamHyeCKOH casbl co cTpyKTypoli 
WWINHHeIH. 

Jina ycTaHopneHua opMbl BXxOwKJeHHA 
CaCOs B cocTaB HcCeqoBaBLUIHXCA KapOoHa- 
‘TOB ObIIO MpoBeeHO TepMHYeCKOe H3yYeHHE 
mpo6, npezBapHtebHO OOpaboTaHHEIx 1|,85% 
HCI mpu nogorpese (41a pacrBopeHus mpel- aerial ers se G2 ee a 
‘Monaraemoro Kanbuuta) ux 4 N CHsCOOH Cope _ meee D0 Shae 
‘“IipH HarpeBaHHH Ha KHMIsileli OaHe B Teye- 

‘Hue 5 uwac. (48 pacTBopeHHaA mpexnosmarae- 

“Moro aHkepnta). lonyyueHHbie TepMOrpaMMBbl He OTHYaIOTCA OT PeSyJIbTATOB aHa- 
1M3a HeoOpaOotaHHoro o6pasua. B To xe Bpema 5—10% cogepxKaHHe KaJb- 
‘WHTa yxKe aeT Ha TepMorpaMMaX YeTKHii SHOTepMHYECKHH stekT BOGMAaCTH 
890°. TepMoBecosbie KpHBble (pHC.2) CBHeTeIbCTBYIOT 06 OMHOKPaTHOM H3Me- 
ieHHH Beca (B OGsactH 450—700°), 4To cBA3aHO C ZHCCOmMalveH KapOoHaTa, 
BHIemeHHem CO,. 


ara ae 
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3. PenotrenhoBckoe u3yueuHnue. JlanHbie penTreHocKONuA KOH- 
KPelMOHHEIX O6pasoBaHuii TaBpHuecKoro dnuma (°) MOATBepxKAaloT UX MOHO- 
MuHepaibHbI cocras. Ha jeOaerpammMaxX CaMbIMH VWHTeHCHBHBIMH SABJIAIOTCA 
JIMHHU, CBOHCTBCHHEIe KapO6oHaTaM THMa CHJepHTa C MEeKIVJIOCKOCTHBIMH pac- 
crosnHusmu 2,824—2,760; 2,348—2,229; 1,750—1,716 KX. Jlunuu Kajpunra 
OTCYTCTBYIOT. YBeHYeHHe MEXKIMVJIOCKOCTHBIX paCCTOAHHA XapakTepHo” As 
pa3Hocteli c OoOuIbINHM COfepxKaHHeM KaJIbINA. 

4,.MeTOAH OKpamuBaHHUA (TakKe CBHIETEILCTBYIONMe O MOHO- 
MHHepaJIbHOCTH OOpasuoB). XapakTep OKpalliMBaHHA ONHCHIBAeMbIX Kap OoHaToB. 
BCJIEICTBHe 3HaYHTeIbHOrO cofepxKanua FeO ananornyuen OKpalliMBaHulo CH- 
Reponnesuta ('). 

5. Peakuusz c pasGaspnennuok HCl wa xonogy. ana 
HCCJIENOBABIIUXCA OOPasloB XapaKTepHO OTCyTCTBHe STOH peakuHH. Pasnome-. 
Hve KapOoHaTa HauHHaeTCA TOJbKO Npu HarpeBanHn, MOSTOMY B «XOOAHBIXY 
COMAHOKUCIBIX BbITAKKAaX CaO oTcyTcTByeT * ] 

Ha ocHoBaHHM CKa3aHHOrO BBILWe COCTAaB KapOonaTos, caraioulux KOHKpe- 
IMM B mopojax TaBpHYeCKOK CepHH, MOXKeT ObITh BEIPAKeH CHeLyioule KpPH- 
cTamOXHMHYeCKOH CopMyvOH: 1s) | 

(Fey ¢7—e5,0a7 (C4g,5a—se,80, M83,90—20,47, “%,01-19,12) COs- | 

Kap6onatubie KOHKpelMH TaBpHyecKoro diHiwa — He eCHHCTBEHHEIM ciay-— 
yall NOJMKOMNOHEHTHOrO H30MOpdu3smMa: KapOoHaTbl OH3KOrO cocTaBa Oblain 
BCTpeyeHbl HaMH H Np WSyYeHHM KOHKPeLMOHHEIX oOpa3s0BaHHh u3 rMHMCTEIX 
OTOXKeHHA cpelHel YOpbl ceBepo-3anafqHOH oKpauHb! JlonOacca. Specb pas- 
BUTbI KOHKPellWH, COCTAB KOTOPbIX BbIpawKaeTcaA CopmyJon: 

(Fegs 0498521 [C47,59—12,97, MMo,45—,101 M&o,s4—5,26) COs- 

Takum o6pa30m, Wake HCXOJA 43 NONOKeHHH O OXHAPHOM H3OMOpdusMe, 
H€JIb3A CUMTATb 9TH KOHKPellHH MarHHocHepuTamu, HOO B HX COCTaBe KaJIbILHe- 
Ban COCTABIAIOINaA MpeobmagaeT Hay, MarHuveBoH. JlelicTBuTeIbHO, H B STOM 
cayuae Mbl CTasIKHBaemca Cc H380Mopdu3smom Fe, Ca, Mg u Mn, 4To 20Ka3bIBaeTcs 
pa3JIMUHbIMH MeTOJaMu HCcCTeMOBaHHA. B uacTHOCTH, PeHTTeEHOBCKoOe Hu3y4ueHHe 
CBHJIe€TeEJILCTBYeT O MOHOMMHepasIbHOCTH MMHepasia-KOHKpelMeoOpasoBatess, 
JIA KOTOPOrO HanGosee XAPAKTEPHLIMH ABMAIOTCA JMHUH 2,770; 2,131; 1,731 KX. 
Tloxasatenu mpenomieHuax (No) KkoyeOm0TCA B pa3JIHUHbIX  OOpasitax 
oT 1,804 go 1,845. Ilo pe3yabTatam TepMH4eCcKOrO aHaJIM3a ONMCbIBaeMbIe O6- | 
Pasllbl H€ OTNHYAIOTCH OT KPbIMCKHX. 

B autTepaType MOXKHO HaliTH CBeMeHUA, TaK%Ke CBUETEILCTBYIONIMe 00 H30- | 
mMopdusme Fe, Ca, Mg u Mn B kapOonaTax. OfHako onyOMKOBaHHbIe JaHHble 
OTHOCATCH. K TaKHM CMeCAM, Te KaJIbILMeBad COCTABAIONLAA He HMeeT CTOJB | 
‘MMMPOKOTO PpasBUTHA, KaK 3TO HaOsOMaeTCA B OMMCAHHBIX BbIle CyyaAx. 

Tax, JJ. I]. Cepniouenxo (°), onucbipad CHeponsiesuT M3 J€BOHCKHX OCAa- 
OUHBIX NOpoy Ha IOxHOM Tumane, MouaraeT, YTO HEOOJIbIIMe KOIMYCCTBA KaJIb- 
IMsl MOryYT H30MOppHO BXO{UTb B pemeTky Fe, Mg, Mn-KapOouata. 

B coctape jlMNeWKMX CHJepvToB, no AaHHbiM B. VW. Kaypxoscxoro (?), 
CaO mpec6nanaet Hay MgO, B To xe BpeMA CBOOOJHBIM KasIbIMT He yCTaHaBJIN- 
BaeTCH HHKA@KHMM MeTOJaMH. 

)Kenesuctble KapOoHaTHble. KOHKpeluu cpemuero KapOoHa i0x%xKHOrO. Oopta 
J\HenposcKo-Jjoneukoi Bnaqvubl, usyuaBuiueca M. T. Kyuepenxo (*), Takxe 
ABJISIOTCA HZOMOPHBIMH cMecamu (Fe, Mn, Ca, Mg)COs, rae ONATb-TaKH, KaJIb- | 
HH CosepxKuTCA B Sombie Mepe, eM MarHHit. | 

A. Y. Jlutaunenko (5) onvcaHbl KOHKpelMM, XMMHYeECKHHM aHaIH3 KOTOPbIX 
ycTaHaBluBaeT CofepxKaHHe CaCOs yo 10,42—12,12% u npeoOnagzaHne ero Haz 
MgCOs. Coyepxkanne FeCOs mpeppunaet 55—57%. Ha neGaerpammax sacHKcu- 
POBaHbI JIMHHV, B OOWeEM OTBeUAaIOlHe CHJepuTy; JHHUH Apyrux MHHepaJOB OT- 
CyTCTByIoT. TepmuueckHH aHasIM3 He MpOTHBOpeyHT JaHHbIM PeHTTeHOBCKOTO 
u3yueHHA, 


* Beem THIaM aHasu3a NOABepravicA OJHOPODHbIH MaTepHaJl, He HeCyHHi NpuMecuH smnrene> 
THYCCKOFO HH FHAPOTepMabHOrO KaJIbILHTa. , 
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Bawskve mo cocTapy KapCouathi (c 6-—10% cogzepxxanuem CaCOs B cocTaBe 
wsomopHow cmecu) onncann B. B. Konepuuoh u 3. B. Tumcdeerchi (*), Ko- 
Topble AA STUX OOpasuoB NpesaraiwT HasBanve «MarHHOKaJbIUNCCHEPVTbIy. 
JI. A. Butanb (°), u3syuad KOHKpellHH B PaHHEMeSO3OHCKUX OTVICKEHUAX 
MPOBCKOH OO., MpHXOMHT K BbIBOZY 06 u30mopdu3me Fe, Ca, Mg, Mn. Mm 
OMHCaHbI KapOOHaTHI, COCTaB KOTOPbIX MOXKET OBITh BLIPAKeH opmyuou: 


(Fess 57—94,94) Cao, 50 a_819 Mgo,s2—3,195 Mn), 695,68) COs- 
| Takum o6pasom, CyilecTBOBaHHe NOJMKOMNCHEHTHOK H3OMOpdHCH CHCTeMBI 
(Fe, Ca, Mg, Mn)COs 6e3yc0BHO HMeeT mecto. BepoxsTHO, B STCH crcTeMe 
“raaBeHcTBylollad pomb (Gonee 49—50%) cCbiuHO npHHaAeExKUT wKENE3VCTCMY 
| KOMMOHeHTY (puc. 3). SHaueHHe KaJIbIHeBol COCTaBJAIONIeH, OYCBHAHO, B Ha- 
cTosllee BpeMA HeMOOUeHHBaeTCA, HOO: B 
100% CaCO; cocTaBe H3y¥aBIIHXCA HaMH KapOoOHaTOB KO- 
auyecTBo CaCOs, KaK OTMe¥aJIOCb BbILUe, JO- 
cTuraeT 38—39% wu uacTO NpeBbIllaeT conep- 
wKaHhe MarHveBol cocTaBsaiomenh. Hecmotpa 
Ha HeOobiioe cogepxaHHe MnCOs B Kap6o- 
HaTax 3 J[oHOacca HM TaBpHyeckon cepun 
Kpbima, HeOOXOQHMO OTMeTHTb, 4TO Heorpa- 
HHYeHHaA cmecHMocTb Fe uw Mn B payy cu- 
JepHT—poOOxpo3yT MOKeT NPHBeCTH K OOpa- 
.  30BaHHIO H CHJIbHO MapraHIOBHCTbIX 4JICHOB. 
_ peunepum Mesumum Nucmanesum — Cudepum CUCTeMbI (Fe, Ca, Mg, Mn)COs. Takoe sBue- 
idaho Wxrcivenec, HE ONNCaHO [A KapOoHaTOB x%*esesopyy- 
> Holi cbopmauuu Kepuenckoro Oacceina (14), 
(Puc. 3. Cocras KapOouatos, cnaraio- ACTaJIbHOe MHHepasorHyecKkoe H3y4eHHe KO- 
Mux KOHKpenuu TaBpuyecKoli cepHn TOPbIX 3aCTaBJIAe€T ONYCTHTb BxO*KJeHHe 
Kppima .. CaCOs B pelleTky MHHepaJiOB pala MaHraHo- 
CHepuT — posOXxposn¢r. 
|. Kak uszectuo (°), mp quareHese MOpCKHX TeppHreHHBIX OecKapOoHaTHbIx 
MOB OOpa3syeTcA MHOFOKOMNOHeCHTHbI KapOoHaTHbI MaTepHas. II]pu nonHom 
OMaBNeEHHM CeMMEHTANMOHHOTO KasibuUuTa Ca BXOAMT Hapsyy C ApyruMu KoM- 
TioHeHTamMH B cocTaB cucTempI (Fe, Ca, Mg, Mn)COs. 
_ B 3akmioueHve Hy2KHO yKa3aTb, 4YTO MOUTH BCe TePMHHbI — Take, Kak Opeli- 
HepHT, M€3HTHT, MHCTOMe3HT, CHJeponesHT, MeppOKaJIbILHT, CHepoRoT, no-~ 
UT, OJMTOHUT — OTHOCATCA K WleHaM ONHAPHbIX H3OMOPCHEIX pAZoB. Mckuio- 
HeHHeE COCTABIAIOT HA3BaHHA MapraHIOBHCTbIX pasHocTeh B pay MgCOs — 
‘FeCOs (Hampumep, MaHraHocHyeponnesHT u Ap.), Me OTpaxkeH ene OMH —- 
(Mn-komnonentT. Jini HavMeHOBaHHA 2%Ke YICHOB NMOJIMKOMMOHEHTHOH CHCTeMbI 
(Fe, Ca, Mg, Mn)COs Ha3BaHHit HeT, XOTA MHHEepasIbl TAKOTO COCTaBa CyIMlecT- 
BYy10T, a OMHAPHbIe PALI MOMKHO CUNTATh YACTHbIMH CJIYYaAMH COMKHOTO H30- 
Mopdusma, Kora cofepxKaHHe TpeTberoO KOMMOHEHTa MpHOMHKaeTCA K Hyd. 
ina noxoOubix MuHepasOB MOXKHO NpeAWORUTb CMeMylowlve HasBaHHA: Kavib- 
MMeBbI MaHraHOCHJeponsesuT, KaJIbILMeBbI M@aHTaHOMMCTOMeSHT HU T. Jl. 


|. Xappkosckuh rocyfapcTBeHHbIli YyHHBepCHTeT Ilectynu.o0 
y um. A. M. Toppxkoro 29 XII 1960 
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MHHEPAJIOFH A 


E. C. METPOBA u JI. C. HEMMHA 


O HAXOJKAX JBOMHHKOB JMCTEHA HA PYCCKONM IIJIAT®OPME | 
(ITpedcmaeaexo axademuxom H. M. Cmpaxoeoim 29 XII 1960) 


Bo sBcex ocajOuHbIxX MOpoax WeHTpaJIbHBIX OOacTeH Pycckow maTpopMpl 
BcTpeyaeTca [ucTeH (KHaHHT). MopdomormuecKHe OcOOeHHOCTH 3epeH 93TOFO 
MHHepasia BeCbMa pa3HOOOpasHbl: BCTpeyaloTcA WHpOKOTAaOMMTYATHIe, CTOMO- 
yaTble, YAJIMHeHHO-IIaCTHHYaTble H H30rHyTble OOJIOMKH; Yale Apyrux Habv1w- 
ylaroTcsA YWIMHeEHHO-NpH3MaTHYecKHe 3epHa CO CTYNeHYAaTLIMH HU YyrJIOBaTO-' 
O6JIOMaHHbIMH KpasaMHv. SepHa AMcTeHa MOTH Bcerla OecUBeTHbIe, pexe Fouly-| 
6oBaTHle, CO CMauHOCTbIO MO OAHOMY HAM ABYM HanpaBseHusm (puc. | A, 5B). 

A. T. Berextun (?) yka3pipaeT, YTO B MpHpose BcTpeyaioTcaA MBOMHUKH) 
qucteHa, B  KOTOpPbIX HHAMBHAbI NMepeceKaloTcH NOM yrvioM, O/H3KHM 
K 60°. 

KpectTooOpasuble JBOHHHKH JMcTeHa Obliu BepBble HaleHb! B MstbMeHCKOM| 
3anoBeqHuke (Ypa) B KBapwutTax u onvcaHb! A. H. 3aBapuukum (°), KOTOppIh) 
mpewnoviaraeT, 4TO JBOMHHKOBaHve B HAX Mpoucxo_uT no (212). 

Ha PycckoH nlaTpopme cpe4uv TeppHreHHbIX MHHepaJIOB OcaO4UHBIX MOpoy| 
JBOMHUKM JucTeHa JO CHX Nop He ObIJIM M3BeCTHHI. 

B moculeqHve rosbl BO BpeMA MMHepaoruyeckoro UcceOBaHHA OCaOUHbIX 
MOpOk WeHTpabHbIxX OGsacTeH PyccKoli maaTiopmbl aBTOpbl HeOHOKpaTHO) 
BCTpeyaIH J{BOMHHKM J\McTeHa MOJIMCHHTeTMYeCKHe, a TakKxKe KOJeHYAaTOH HW 
KpecToo6pasHoH dopmpr (puc. | B— E). 


COOTBETCTBYIOT IIPHBOJHMbIM B JIMTepaType ia ucteHa. Dopma OT eJIbHbIX 
HHJHBUAOB Mpu3sMaTHuecKad, yAJIMHeHHaA 10 OCH c. CnaWHOcTb COBeplleHHar 
no (100) u xopomasa no (010). SHayeHua noKa3aTene mpenomieHua Kose6- 
JUOTCA B cHelLyioujHx mpemenax: N, = 1,726 — 1,730; N, = 1,714—1,718}) 
‘COOTBETCTBEHHO JBYlIpesOMJIeHHe cocTaBseT OKOO 0,012. YanuHeHHe MOJO; 
2KHTeJIbHOe, ONTHYeCKHM 3HAK OTPHMaTebHbIM. Yracanue Ha mocKkoctTu (100) 


cN;, = 23—31°, na mocxocra (010) — cN, = 5—7°. Yron ontuyeckux ocel 
2V oxoso 70°. Pasmepbl CHBOHHHKOBaHHbIX 3epeH ANcTeHa OT 0,08 no 0,16 mm!) 

TlomucuutTeTHyecKHe ABOHHHKH JMcTeHa COCTOAT H3 NapadJIeIbHO CpOCIIMX 
CAH YJIMHCHHBIX HHJMBUOB, OPHeCHTHPOBAaHHbIX B ABYX HallpaBJIGHHAX, MOBTO 
PAIOWLUXCA Yepe3 OAHH, YTO XOPOWIO BHAHO MpM CKpelleHHbIX HHKOIAX. J[BON! 
HUKOBOH IVJIOCKOCTbIO CJIyxKHT rpaHb (100). 

B KoJIeHuaTHIX ABOHHHKaX J\McTeHa cpacTaHHe ABYX HHMBALOB Mponcxo,y’ 
nox yraom 56—61° (puc. 1 B, F). Yracanue ux MoYTH CHMMeTpHuHOe NO OTHOUIE 
HHIO K JBOHHHKOBOMy wBy (10—11°). 

Kpectoo6pa3Hble JBOMHUKM JMCTeHa, OYEBHAHO, WpesctaBiAaoT coOoK Bon) 
HHKH [popacTaHus, B KOTOPbIX OMMH HHAMBU pactouaraetca nog yriom 57—| 
60° k apyromy “(pac 10;-"2). 2 

B cqBOHHHKOBaHHBIX KpHcTaax JMcTeHa HaO IO MaIoTCA Faso0Opa3Hble BKJIO 
yenna (puc. | B, J), a Take BKMO“eHHA pyTHa u WHpKoHa (puce. | JS). 

Han6osree uacTo KoeHuaTble MH KpecTooOpa3Hble ABOMHUKH ucTeHa Hab 
qanucb B PpitbcKo-JIbroBpckom pa3pese (ceBepHee r. PbimbcKa, B 5—25 KM 
salaly oT Bnagenua p. Caan B p. CefimM) B novITaBCKHX MH KHeBCKHX MecKa| 
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Puc. 1. Pawipcko-JIpropcxuh paspe3. A — cKBamuHa Ne 17; ray- 
Onna 71,0—78,0 m; mecox; Pg — N; crom6uaToh -cbopmpbl guctTeH 
(0) c MpomoubHO uv mOMmepeyHOH cnaliHocTbIO; CnpaBa HempaBusb- 
HOM (POpMbI CHJJINMAaHHT (c) H 3epHO WHpkOHa (4); YepHble 3epHa — 
PyHHble MuHepabl; 396 — TpH OfHOM HHKOJIe. 6 — cKBaxkuHa 
Ne 11; ray6una 9,0—9,20 m; avespont; Crest; B WeHTpe 3epHa 
rpauata (ep), AucTeHa (0) c mMOMepeyHOl CmaHocTbIOo, MO KOTOpOr 
PaSBUBAIOTCA THAPOOKHCJIbI *eesa, HWKe — TYPMaJIHH (Mm) Henpa- 
BHJIbHOM (opMBI; yepHoe — pyHble MuHepabi; 396 * pH OfHOM 
HuKOJe. B — o6Haxenne Ne 2905-a, o6pasen Ne 4; mecox; (Pg3— 
N,)pl; Konenuarblii ABoiHUK WHCTeHa (A) C Ny3bIpbKaMu BOsLyxa (a); 
408 X mpu ogHoM HHKOse. J — O6naxenue No 2834, o6pasen Ne 2; 
necok; (Pggs— Nj)pl; KonenuaTbIli 7BoWHHK AucTeHa (0) C BKIOUe- 
HHAMH pyTHla (p) uv wApKona (4); 408 x<npH OfHOM HuKOe. J[—05- 
namenne Ne 3202; o6pasen Ne 1; mecox; (Pgs — Ni)pl; aBpoituuk 
mpopactanux fucTrena Kpecroo6pasnoli tbopmpl; 408 % mpH OfHOM 
HuKOJe. E — o6Haxenne Ne 25 K/1; O6OMaHHbIM JBOMHHK JHCTeHa 
(0) Kpecroo6pasHoli cbopMbr;. BbiNe WNpKOH (4); 408  mMpH OfHOM 
HUKOUIe 
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TPeTHYHOH CHCTeMBI, B MeprevIiX HM aMe@BPOMMTAX CaH{C HCKOFO ApyCa BepXHero 
Mena WM B TWecKaX HWKHerO OTAea MeJIOBOH CHCTeMBI. 

Kpome Toro, KojeH¥aTble JBOMHUKM JMCTeHa Ob BCTpeyeHbI B YeTBEPTHY- 
HbIX WH MHOsTaBCKHX MecKax PoccomauckKoro paspe3a (B 6—15 kM K wWwro-sanayy 
u loro-Boctoky oT r. Poccoutb), Banyiickoro (B 13—33 KM kK _ ceBepy 
ot r. BastyHku), a Tak2ke B KHeBCKHX, aJIbOCKHX H CCHOMAHCKHX Meckax Bopo- 
HexkcKoro (B 5 KM K cepepy u B 40 kM K Jory oT r. CemuulykKH) pa3pesoB (cM. 
puc. 2). B Gonee cepepHbIX paiionax noZoOHbIe NEOMHAKH MOKA He COHAPY2KEHBI 


, Eney, 
Jinsto | A /i Ij 
Coot e - 
D yee —— pe es GO Ge ceeeoo an 
f iM Jimatpnes JiptoscKuHn Z g f 
cp LE Ljnr pe e . Hepaesna 
Viiee N\wrO& © Hypch Hac ie ptniby A&A O 
Haci1opxHo LL 
Y & y Bopoxerk 
VAC eg WP binbck S Cemunyxn 
fos ee 
oP ' . 
WM, l1cés J > u 
Cymbl © LWatanosKa 
Y 


7 benropon > Hosppik Ocron 
4 LRG 
Wl nprpilp = Poccown 


fy : = oO 
Y Banyakn 
Xapbuoe © 2p, oe 
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Puce. 2, O630pHas Kapta. J — NyHKTbI HaxXOKeHHA JBOHHAKOB JUCTeHA, 
2 — rpaHuila paliona pa6or 


Takum O6pa30M, HaMeyaeTCA OllpedeseHHad MpocTpaHcTBeHHaA IIpHypoyeH- 
HOCTb JIBOHHHKOB JHCTeHa K TlOpOjaM, CaraloulMM CBOJOBY!O 4YaCTb H CaMble 
CeBepHble ¥YaCTH 10roO-3aNaHOrO HM 1O*KHOFO KPblIbeB BopouexKcCKOH AHTEKJIM3bI 
(cM. puc. 2). 

HaxoxkeHHe JBOHHHKOB JHCTeHa KOJeHYaTOH HM KpecTOOOpa3sHOH COpMbI B 
OMmpeqeueHHbIX O6lacTax PyccKoH miaTPOpMbI MOxeT ObITh HCMOMb3OBaHO [IA 
CyXK]Je€HHA O BO3MOXKHbIX HWCTOUHHKAaX CHOCAa. 

[lo MHeHHIO aBTOPOB, He HCKJIOYCHO, YTO OMMCaHHbIe JBOHMHHKH JMCTeHa ~ 
ObLIM IpHHeceHbI c YKpaMHCKOrO KpHcTasMHGeCKOrO MacCHBa, Te OHH H3BeCT- 
HbI B JIpPeBHHX MeTaMopduyecKHX mMoposax. 


Tloctynuo 
26 Xil 1960 
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JIHTOJIOLPH A 


JI. UW. YUAMEHKO 


JIATOJIOFO-CTPATHTPA®HYUECKOE PACYWJIEHEHHE OTJIOKKEHHH 
«APYCA NECTPbIX TJIHMH» JIEBOBEPE)KbA YCCP 


(I1pedcmaeneno axademuxom H. M. Cmpaxosem 6 XII 1960) 


Crpaturpaduyeckoe nomoxeHve «aApyca MecTpbIX TINH» B paspese KaliHo- 
308 YKpanHbl ONpefeAeTCA 3aeraHHeM HX MexKLy MeCKaMu MOJITABCKOH CBUTHI 
HW KpacHO-OypbIMH TIMHaMH YeTBepTHYHOrO BO3pacTa. OrswowKeHHA «Apyca HecT- 
PbIX IVIMH» 3aHHMAIOT B IIpefemax meBoOepexbax YCCP o6umpuyro msollayp: 
MIPpOTAKeHHOCTHIO Sovulee 500 km (oT c. PpaGozso jo c. CamolimoBKH) Ip Makcu- 
MaJIbHOH WupHHe cBbIe 200 KM (Mexyy rr. JlyOnpr u Cypxeli). K ormoxenuam 
«Apyca MecTpbIX PIHH» MpHypO4eHbl MecTOpOKAeHHA OTHeEyMOpHOrO. H KepaMu- 
yecKOro CbIpbA. OgHako, HecMoTps Ha pa6otn M. H. Katoutmukopa u-B. C. Jle- 
BuTcKoro (7), C. B. Moranenko (*) u Ap., OHM OcTaBaJIMCb MOUTH He H3yYeHHbIMH 
KaK B OTHOUWIeCHHH YCJOBHH 3aeraHua, JMTOMOrO-cTpaTurpaduyeckoro pacwie- 
HeHHA, TaK MH B YaCTH MHHEPaIbHOTO CocTaBa IJIHH. 

Hetaibuble JIMTOOrO-cTpaTurpaduyeckue paOoTbI, MpOBeeHHbIe ABTOPOM 
c 1954—1960 rr., TamH BO3MO%KHOCTh paC¥eHHTb «APC MecTpbIX TAIHH» Ha 
Ba TOPH30HTA, BECbMa pe3KO OTJIMUAIONLNXCA TO KOMIMJIEKCY PIMHHCTbIX MH- 
Hepanos. IlomHbll THM pa3spe3a c ABYMA TOPH30HTAaMH MpOCJeKUBAeTCA B IOMKHOM 
yacTH MOWlaH pacipocTpaHeHHuA «Apyca NecTpbIX TMH» H BCTpeyeH B Xapb- 
KOBCKOH O61. (HoBas Bogoanara, IIpocanoe, Hecku, Banku, 3Hamencxoe, Mupo- 
J060BKa); B IlonTaBckoH o67. (OnomHs, Kouy6eeska, Ilontasa, JuKanpxka, 
Masoe [pemsaube, Uepesukn, Jly6upt, Pomogay); B UepHurosckon o6n. (Penkn, 
Tycuuka, Tpa6oso). Ha Bceli ocTambHOH mlomlayqu pacipocrpaHeHHA «Apyca 
MeCTPbIX TIMH» HaOwOMaeTCA HeNOJHbIM THM pa3spe3a C OMHHM BepXHHM FopH- 
30HTOM. KommuieKcHoe HCCeqOBaHHe PIMHUCTHIX MHHepaJiOB NOKa3aJl0, YTO HWK- 
HUM TOPH3OHT COKEH JHUIb KaOHHUTOM HM rugzpocsmoyon. JIuTonorMyeckH OH 
MpefcTaBleH ceqyoulMMH THMaMM mopog: 1) Neck ranHucTHIe; 2) riHHbI 
cepble, aJIeBpHTUCTO-MecyaHble, 3arHMCOBaHHble; 3) TIHHbI Cepble WM TeMHO- 
cepble, aJIeBPpHTHCTbIe, KapOOHATHEIe. 

BepxHuli TOPpH30HT CJIO%KeH B OCHOBHOM MOHTMOPHJJIOHHTOM, YacTHYHO 
THApOCMOL0H WU, BO3MOXKHO, B HE€KOTOPBIX MeCTOPOXKMCHHAX MOHOTEPMHTOM. 
B Tose BepxXHero rOpH30HTa MBI BbIeAeM cylelyroulMe NoposE: 1) ranHbl 
OJIMBKOBO-3e/IeHbIe, KapOouaTHble; 2) rIMHbI OJIMBKOBO-3eJIeHbIe, THMCOHOCHEIEC; 
3) TIMHbI MATHMCTHIe, OxeNe3HeHHbIe; 4) TIHHbI YepHble, yrucTbie; 5) mecku 
rJIMHUCTHIe. 

KaouMHUT HHX%KHErO TOPH3OHTa yCTaHaBJIMBaeTCA PeHTreHorpaduyecku No 
am@pakuMouHbim wHHuaM 7,04; 3,51 KX u gp. (ra6n. 1). Kpucrannp Kaown- 
HUTA HMEIOT CpaBHHUTeJIbHO HeOOJIbIUHe pasMepbI M JOBOJIbHO YeTKHe HM NpaBHsb- 
Hble MICeBsOreKcaroHaJbHble orpaHuyeHusa (pre. 1). Ilo xwmuuecKomy cocTaBy 
dpakuua <0,001 MM KaONMHHTOBBIX PIMH XapaKTePpH3yeTCA MOBOJIbHO BBICO- 
KMM cojep»KaHvem Al,Os3 (33%). ComepxxaHve SiO, BapbupyeT B HX B npeje- 
max 46,5—50,5%. Cymma menouei K,0 + Na,O B KaOJIMHHTOBbIX riMHax He 
mpeppuiaeT 0,6% (Ta6n. 2). TuddepenuabHbie TepMHyecKHe KPHBbIe 3THX 
TUIMH OTJIMYAIOTCH YETKOCTHIO H pe3KOCTbIO JHZOTepMuyecKkoro sexta 580— 
590° u aK30TepmuyecKoro sddekTa B uHTepBane 960—990%. OxpamuBanne 
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TaOnnna 1 


MexnuockocrHble paccrosHua (KX) HM MHTCHCMBHOCTH pedseKCOB FIMHHCTbIX MHHepaJOB 
@pakynH <0,001 mm 


Bepxuuht eae Bepxunii 
Huxuuit ropusonr coeds 7 HuwKaui ropH3sonT rOpm30KT 
a 1- |MOHTMOpHsamoHHTO-!! KaomunUTOBaA | THApOcmo_u- | MOHTMOPHAJONH- 
itaDons= Pees ee ae Mupo-|| rauHa, Bogo- cTad ruuua, | TOBAA te se Mu- 
mara, o6p. 15 | Bank, o6p. 19] mo60BKa, o6p. 72 || mara, o6p. 15 | Banxu, o6p. 19 Eat eg 
thet 1 | °4hrd 7 dhe I dhl I dhrl | I dhel ye 
7,04 Depp wlige! ; 2 (he) 5 1,883 1 2,378 t 4,686 2 
6,18 4 9,25 ZA 4,39 3) 1,626 2 Deoose 2 1,649 2 
4,89 ey 7,4) 2 a yaMl 4 4,499 3 1,982 2 1,539 1 
4,43 5 6,91 4 2,761 1 1,878 cs) 1,494 4 
Sod 2) 4,33 4, BSS) 3 1,508 il 1,370 il 
2,814 4 3,48 a edd 1 1,628 4 4,291 ai 
Beeb 3 2,94 2 1,973 1 Wai 3) 1,246 1 
2,368 1 2,787 1 1,835 "i 4,226 1 
(928% :| dare QpO4Brd 3s 1,800 | 4579 1 


MeTHeHOBbIM rowy6pim (MI) QaeT uucTbIe duoseTOBbIe TOHa, He MeHATOLIMeCA 
oT q06aBKu KCl. KoporKoBosiHOBble MAKCHMYMBI Ha CieKTpaJIbHbIX KpuBbix MI 
(580 mp) TakxKe He JaioT cMemleHua OT FoOaBKu KCl. B ummepcHoHHbIx mpera- 
patTax HaO0faloTCA H30TPONHbIe OPHEHTHPOBaHHble arperaTbl C NMOKa3saTeAMH 
mpesomieHua Nop = 1,564—1,567. 

Tuapocmoga HwKHerO ToOpwH30HTa onpemenseTca mo pednexcam 10,3; 
4,89 kX u ap. (cm. Ta6n. 1). loa sneKTpOHHbIM MUKPOCKONOM ee FaCTHILbl MMeIOT 
H30MeTpHuecKHH ‘oOHK. MukpocKkomMuecki B IWwucdax arperaTbl rHApocutofbl 
MMeIOT CIlyTaHO-yelllyHuaToe CTPOeHHe H JOBOIbHO BbICOKOe ABYMpesomuelue. 
[HHHEI KaOJIMHUTO-rHApOCsOAMCTOTO COCTaBa MeHAIOT OKPpaCKy OT OOaBKH 
KCl c @uoneroBoi Ha duoeTOBO-cHHIOIW. TepMorpaMMbl rHJ{pOCMOAMCTHIX rIMH 
(o6pasen, Ne 32, Mupouro60BKa) HMeroT CaOble SHAOTepmMuyecKHe adiekTH mpH 
130° w 530° nw HeOoNbUIOH 9K30TepMHYecKUi addext mpu 930°. 

KaoJIMHUT He aeT 3eCb MOHOMMHEPaJIbHbIX IMH, a, Kak paBHsio, HapaALy 
C HMM BCTpeyaeTCA MPHMeCh PHAPOCJIOAbI, KOJHYECTBO KOTOPOH OObIUHO 3aMeTHO 
BO3pacTaeT MO HallpaBJIeHHIO BBepX MO paspesy. 

B rJIHHaxX BepXHero TOPH3OHTAa HanOoJIee pacnpocTpaHeHHbIM H MpeoOsmazaio- — 
UMM MHHepaJIOM ABJIAeCTCA MOHTMOPHJIOHHT. OH onpefemneTca 3f/ecb 0 HH- 
TeHCHBHOMy Oa3abHomMy pedexcy (001) 14,1 KX. IIpa oxpammpBanuu MT 
MOHTMOPHJIJIOHHT aeT OUCH Pe3KyIO CMeHY OKPacoK C dvomMeTOBO-CcHHeH Ha 
rOJIyOOBaTO-3eIeHy!IO C COOTBETCTBYIOWIMM CIBHTOM MaKCHMyMa aycop6uuH 


Ta6Onaunma. 2 


Xumuyeckuh coctaB (%) rauHucToH dpakuun pasmepom <0,001 mm 


: MoutTMop4H.i0- Mourmopuao- 
K : Ki : 
rawnne Husnero | RETOBME Daw. raunit nuxuero | ##TOBbe Tan- 
: rOpHsoHTa TOpusoHTa rOpusoHTa neonuaenre 
KomnonHeut . Komnoueut 
RAS ps Mupo.sw6os- H. ea eee: Mu po06os- 
o6p. 15 | o6p.131| “* cogaen) o6p. 15 | o6p.i3!] ** i Sal 
SiO, « < t 50,50: | 46,52 55,22 CaO 0,60 | 4,00 4,95 — 
, ALeQ3 +e + | 133,88 4 33,14 20,70 ' MgO » 0,34 ONO 1,84 
Oia liek 41,02 0,79 MnO 0,012 | 0,016 
mECe hee le Ly.a0 6,21 » SOs 0,24 0,65 0,24 
FeO?!) 48 OF57 ' 7 0,43 0,57 NasO + K,O 0,29 0,56 1,09 
WEEE IME) vey YS ign: 13;40 | 14,76 11,54 
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Puc. 1. Kaomnnutopasi TvILHa HAAHerO ropH30nta, OG6- 
pase No 15, c. Honan Bogovuara, 9000 »~ 


Puc. 2. Monrmopusisionntopadt rinHa BepxHero 
ropusonta. O6pasen NN? 72, c. Mupono6onKa, 
9000 x 


JLAH, t. 188, Ne 1, Unmeuxo 


. 

¢ 570 fo 668—680 mp. Tlokasateru mpenomnenus, 3amepeHHbie Ha OpHeHTH- 
POBAHHBIX arperaTax, HaxOJATCA B npegenax Nep~1,519—1,522. Arperarsi 
MOHTMOPHJNIOHHTA MOM SJI€KTPOHHBIM MUKPOCKONOM HMeIOT THMMYHY!O Mopdo- 
JOTHIO O€3KOHTYPHOH O6akoNOLOGHOli Maccui (puc. 2). To XHMUYeCKOMY COCTaBy 
MOHTMOPHJIJIOHHT BepxHero TropH30HTa (oOpasen Ne 72, Mupomw6oBKa) “Meer 
BO @pakuun <0,001 mm Goutee 55% u meHee 21% Al,Os, a TakxKe CpaBHUTebHO 
NOBbINeHHOe cojepxKaHne MgO (1,84%). Pugpocmoga Bepxnero w  HYKHero 
POPH3OHTOB, Mo onpefenenuio TL. A. CujopenKo, oTHOCHTCA K QMOKTaa_puue- 
CKOH pa3HOcTH. . 

‘MoHTMopHas0HHT HanGonee YucTHIii HaOmIOMaeTCA B BepXHeli YacTH Bepx- 
Hero TOPH30HTa; B HMKeemKalllell uacTH paspe3a OH HAXOMUTCA B Co“eTaHHH 
C TCM HJM HHBIM KOJIMYeCTBOM PH ApocsmosE. 

B mectopoxyenuax Hosoi Bonosarn,Onomnu, CreubKoBKH uM BepXHeM ro- 
PH3OHTe BCTPeYeHbI PasHOBMAHOCTH PMH, HMelOLWe NOKasaTeIM NpeJOMJeHHS, 
peakUMH C OpraHHyeCKUMH KpaCUTeJAMM, a Tak»xKe CHeKTpasbHble KpuBble MI, 
| COBCPIIeCHHO aHaJIOrHYHbIe C MOHOTEPMHTOBbIMH raiHuHamMM UacopspeKoro me- 
- cTopoxwkyeHuaA (nuiact Ne 4), 
| JlaHHoe suToNOro-cTpatTurpaduyeckoe pacusleHeHHe OTMOXKeHHH «aApyca 

NeCTPbIX TIMH» UM JeTaMbHOe UCCIeMOBaHve KOMMJI€KCAa PIMHUCTHIX MHHepaJOB 
MO3BOJIA€T OTMETHTb HEKOTOPHIe HOBbIe YEPThI B YCOBHAX OCaqKOOOpas0BaHHuA 
STUX OTMOMeHHH. Peskoe pasMuHe XapakTepa FIMHUCTHIX MHHEPaJIOB HM2KHETO 
M BePXHErO FOPH3OHTOB. CBUJeTEIbCTBYET O CYLIECTBEHHO Pa3JIMUHbIX YCIOBHAX 
HX MOPMHPOBaHHA. 

IlocteneHHbi nepexox 6e3 3amMeTHOM rpaHUIbl PIMHHCTbIX NeCKOB MoOuITaB- 
CKOH CBUTbI B PIHHbI HW2KHETO TOPH30HTa «APyca TMeCTPbIX PMIMH», a TaKKe Kao- 
. AMHUTOBO-rHJpocJIOAUCTHIH CocTaB TipocsioeB FIMHHCTHIX NMOpoy B TOME MOJI- 
TaBCKOH CBHTbI HeNOCpeACTBEHHO YKa3bIBaeT Ha TO, YTO IIMHbl HHXKHETO TOpH- 
30HTA (OPMHPOBAJINCh B 3HAYHTEJIbHON CTeMeHH 3a CueT MepeMbIBa HM TMepeoTvO- 
X%KCHHA MOPO NoTaBcKoH cBuTi. JIMH3000pasHoe 3aleraHue TIMH HMKHErO 
POPH30HTA, HaJIMUHe HKeNe3HCTHIX KOHKpellHi, MATHUCTAA OKpacKka MW MaJlaxA MOLI- 
HOCTb OCaKOB (2—5 M) yKa3bIBaloT Ha OOpasoBaHHe UX B OYeHb MeJIKOBOJHBIX 
BOJOeMaX O3EPHOTO THMAa, OCTABIIIMXCA Ha MecTe perpeccHpoBaBluero MOJITAB- 
CKoro MOps. 

M3yyenue rpanyomMeTpuyeckux KospPuuveHTOB cpeqHHX Auametpos (Md) 
H KOSPPHUMEHTOB COPTHPOBKH (So) No MwoWalM paclipocTpaHeHuA «Apyca nect- 
| pbIX TIMH» — B YaCTHOCTM TocTeMeHHOoe yBelHueHHe Md B ceBepo-3alaHOM 
| M ceBepo-BOcTOUHOM HalpaBmeHuax Mupomo6ospKa — Baaku (Md = 0,007), 
Onouma — Ulymcxk (Md = 0,009), Tomcronecbt— Penku (Md = 0,014), 
_Creupkopka —Topnomh (Md = 0,019), a Take OHOBpeMeHHOe yBemnue- 
Hue So or 1—3 B palione Mupomo6osKa — Onouma — Ulymck go 5—7 Ha 
yuactke MuxalinopKka — CreibkoBka — CTraXxoplujHHa — yKa3bIBaloT Ha TO, YTO 
IIpHHOC TeppHreHHOrO MaTepHadla B 9TH BOOeMbI OCYILECTBIANCA TeKYYHMH 
BOJaMM C CeBepa HM H3 CeBepO-BOCTOYHOH 4YaCTH OKAMJIAIOULMX YYaCTKOB CYL. 
OTH YUACTKH Cy, CTYKUBIINe BOLOCOOPHbIM OacceHHOM, XapaKTePH30BaJIHCb Te- 
IIJIIM, BUIAKHbIM FYMHHbIM KJIMMATOM,O 4EM TOBOPHT OOMJIME KaOJIMHHTA B O3ep- 
HBIX OCafKaX HwKHero ropH30HTa. JlaHHble KMMaTH¥eCKHe YCJIOBHA Cylle- 
CTBOBaJIM ellie c MOMTaBCKoro BpeMeHH. Tpeli{MHbI BbICbIXaHHA WH paspylilen- 
-HOCTb JO MY4HHCTOH MaCCbl XKee3NCTHIX CTAKECHHH ABJIAIOTCA MpH3HaKOM 
YaCTHYHOFO OCYWICEHHA 9THX OCATKOB MW BbIXOMaHX Ha J{HeEBHY!O MOBEPXHOCTb B 
pasHoe BpeMa. 

OG6cTaHoBKa OTJOXKeHHA BepXHErO TOPH3OHTAa OblIa 3aMeTHO OTAMYHA OF 
ycnoBpui dbopMupoBanua HuxKHero ropH30HTa. Bosee BbifepxKaHHoe 3aJleranne 
MIaCTOB PMH, OG€(HEHHOCTD MeCuaHbIM MaTepHasOM UM OOMbUIAA AMCHepCHOCTb 
‘TPAIMHMCTBIX OCAKOB BepXHerO TOPH30HTA FOBOPAT O OOJee 3HAYHTEbHOH Ty- 
6HHe BOMOeMOB, B KOTOPHIX OTMaraHCb 9TH TIMHbI, H Ooee CHOKOMHOM Cpeze 
oTomwkeHua. Hanuune ramoreHHbixX OCaJ[KOB, THIMCOHOCHOCTb, a TaK>Ke MOHTMO- 
Beet Bee cnpoumoinerert CocTaB TIMH MO3BOJIAIOT CBASbIBATb o6pa30Ba- 
-HH€ 3THX OCaKOB C MOpCKOH TpaHcrpeccueli HeEOreHOBbIX MOpeH B MpeevIbl 
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neBoOepexHot YxKpavuHbl. OOnwe MOHTMOPHJIJIOHHTa B TvIMHaX BepXHero 
POPH30HTA MbI He MOXKEM 3eCb CBASHIBATh C APUAMsallMeH KJMMaTa BBUAY TOFO, 
uTo, mo qaHHpiM B. I. Bouyapsyka, mepo6epexuHaa YKpanHa B STOT NepHoy 
IIpelcTaBlANa yBaxKHeHHY!O HH3MeHHOCTD. JIA TYMUHbIX Ke 30H OCaTKooOpa- 
30BaHHA ero OOMIHe He OTMeuaeTCA B MHTepaType (*). CaeqoBaTebHO, B JaHHOM 
clyuae MbI BbIHY2KCHbI CBASbIBATb MOHTMOPHJIJIOHUT, Caraloulu TyIHHbI Bepx- 
Hero TOPH30HTAa, C MepeOTJOXCHHEM MpPOAYKTOB pa3MbIBa O€HTOHHTOBBIX TIM, 
CyllecTBOBaHHe KOTOPHIX JIA BpeMeHH (POPMUPOBAHHA IMH BePpXHero TOPH3OHTAa 
WIM HeMOcpeACTBeHHO MpesecTBy!olero eMy OTMe¥aeTCA B WHTepatype (°). 
Tak, JaxKe Ha mpaBoGepexbe B Uepxacckoli oO. H. I. Kupuyerxo (°) onucanpi 
MeCTOpOKTeHHA GOCHTOHHTOBbIX TJIMH, KOTOpble MOKPbIBaIOTCA OTJOKeHHAMH 
«MeCTpbIX PMH». AHaOrH¥Hble MeCTOPOKMeHHA OCHTOHHTOBEIX TJIMH OTMeUAaIOT- 
cA B Mpemenax SakapmatcKoH, JIbBoscKol, J[poro6nmcKkol, UepHosuykoit, 
TepHonombcKol 061. beHTOHMTOBbIe PIMHbI ITAX MECTOPOKJeEHHH OOPasoBaHCb 
10 BYJKaHOreHHOMy TemJoBoMy MaTepHaty. MoHTMOpHINOHUMTOBLIe PJIMHbI 
BepXHeFO TOPH30HTa 0 CpaBHeHHIO C HAXKHHM TOPH3OHTOM OTMUAaIOTCA 3aMeTHO 
MOBbIMeCHHBIMH KOHIeHTpanuamMu Ni, Cr, Zr, V, 4To cBaA3aHO C 3HAaYHTebHO 
6OIbUIeH COPG6ILMOHHOH CMOCOOHOCTbIO MOHTMOPHJJIOHNTA. 


Tocrynuao 
(6) OME slei0) 


LMTHPOBAHHAA JIATEPATYPA 


1B.7T. Bougapuyk, Teosorua Ykpannp, Kues, 1999. 2 M. H. K a1 mH u- 
Kos, B.C. JIepsutTckui, Tp. Ykp. org. Mxcr. muuep. chippa, 1936. %C.B. flora- 
1eHKO, JHHbI H rIHHUCTEIe Moposxbr YKpanHcKow CCP, Kues, 1952. 4M. A. Parees, 
Matep. copem. mo MccJleq. H HCnONb3. riHH, JipBpop, 1957. ® @. A. Ospuapenuxko, 
H.T. Kupuuenuxko, .H. Kopaneuxo, A.W. Pactpeneu ko, Yxkpanuckue 
OeHTOHHTEI, Kuen, 1958. 
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Aoraagn Akagemun nayr CCCP 
1961. Tom 138, Ns 4 


JIHTOHJOLPH A 


C. WH. WYMEHKOQ 


PJIMHUCTBIE MUHEPAJIbI MEPPEJIbHO-MEJIOBbIX NOPO] 
AOJIMHbI CEBEPHOTO JIOHILA 


(ITpedcmaeaeno axademukom H. M. Cmpaxoeoim 6 XII 1960) 


B w3y¥enu HeKapOoHaTHOli YaCTH MeprebHO-M@JOBbIX MOPOA, HU B TepBytO 
ouepeyb PIMHUMCTHIX (pak, CeaHbl JIMWIb NepBble warn. Mexay TeM Takoe 
H3y¥eHHe IpelCcTaBAeT KaK YHMCTO MHHepaOrHyecKHH MHTepec (cocTaB H H3- 
MeHeHHe PIMHUCTHIX MHHepaJIOB, «3aKOHCEPBUPOBAaHHbIX» B YCOBHAX UleOUHOH 
CpeAbI C'MOMeHTa OOpas0BaHHA OCaKa), TaK HW CyryOo MpakTuYecKoe 3HaAVeHHE 
B CBA3H C H3yYCHHeEM HHKeHEPHO-FeoJOrHyeCKUX CBOHCTB MepresIbHO-MeJIOBbIX 
MOpod, a TakKKe C TOUKH 3PpeCHHA UCMOMb30OBAHHA HX KAK ILCMeCHTHOFO CbIpbs. 
B CCCP komnmekcHoe u3y4eHHe PIMHUCTHIX dpakuuli TyPOHCKO-KOHbAKCKUX 
MepreJIbHO-MeJIOBbIX Topox Ha JloHy Obim0 mpousBezeHo IT. VM. Hocospm (°). 
Hecmotps Ha WMpoKoe pa3BUTHe MepresbHO-MeJOBbIX NOpoy B Mpesemax Bowb- 
moro JlonOacca MHHepasOrMaA FAMHUCTHIX (paki ITHX MOpO Usy4yeHa OUeHb 
cma60, mlostomy ectectBeHHO, uTo T. MW. Bymmuckuit B cBoeli MoHorpadun (1), 
MOCBALLCHHOH MepreJIbHO-MeJIOBbIM OTIOHKeHHAM J[HempoBcKo-JloHelKOH Bra- 
JMHbI, CMOr IIPHBeCTH JIHMIb CMHHYHbIC paspO3HeHHble AHaJIH3bI TVIMHHCTHIX 
dpakun. Hamu Opliw M3y4eHbI TIMHUCTHIC (pakUMH MepresIbHO-MeJIOBbIX 
MOpO, BepXHeKaMMaH-MaaCcTPHXTCKOTO BO3SpacTa U3 Ppa3JIMUHbIX MYHKTOB MO 
p. C. Hoven: r. Benropoga, moc. Teveneru (XapbKoscekas 06.), cc. CBeTsany- 
Horo u KpbimckKoro, a Take patioua yctba p. Jiepxya (Jlyrauckaa o6.1.). 

B KaxKJOM H3 YKa3aHHbIX MYHKTOB HCCIeAOBaJIHCb OOPa3iibl H3 PpasJHUHbIX 
m0 cofepxKanuro CaCO; nopox — oT Muulymero Meda JO H3BeECTKOBDIX IVIHH. 
Jia cpaBHeHHA OblIu Tak»xKe H3Y4eHbI TIMHHMCTHIe (pak H3 MepresbHO- 
MeJIOBBIX MOPO CaHTOHCKOTO BO3pacTa B OKpecTHocTAX rT. Y3i0ma. 

Jaa u3yyeHua oTOUpanacb dpakuua Menee | p HepacTBopumoro B 0,1 N 
XOJIOMHOH YyKCyCHOH KMCOTe OCTaTKa MepreJIbHO-MeJIOBbIX OPO]. 

TlomyyeHHble TaKHM OO6pa30M MH TULATe/IbHO OTMBITbIe OT alleTaTa KaJIbilHA 
OOpasilbl TIMHUCTHIX (pakIHH NMoBepraducb KOMIMWICEKCHOMY MHHepamornyec- 
KOMY aHaulu3y C IIpHMeHeHHeM: ONTHYeCKHX UCCMELOBaHHH OpPMeHTHPOBAaHHbIX 
arperaTOB B HMMepcHH, OKpallWBaHHA OpraHH4YeCKHMH KpaCuTeJIAMH C Tlocwe- 
TLYIOULHM MOJTy4eHveM CHeKTPOOTOMeTpHYeCKHX KPMBBIX (?,4) TepMHYeCKO"O, PeHT- 
reHorpad@uyeckoro, 2/eEKTPOHHOMUKPOCKONMYeCKOrO MeTOQOB, a Tak2Ke XHMH- 
yeCKHX AaHaJIH30B. 

Uccneqopanne rinHUCTbIX ppakun< | Wc NOMOULbIO OKpallIMBaHHA MeTHJIeHO- 
BbIM rouwyObm (MI) u coMHOKUCAbIM GeH3HTHHOM JlaJ10 [WIA pasJIMYHbIX OOpasioB 
HeOJMHaKoBble pesysbTaTH. Llogapsasaioujee Ko/MYeCTBO OOpa3lOB B BOXHOH 

-cycnensuu c MI oxpacuuocb B PuOMeTOBO-CHHHe TOHA, YTO Ha ClleKTpootTomer- 
PHYeCKHX KPHBbIX MPOABMJIOCb B MaKCHMYMe HOTONleHuA B OOacTH 580 Mp. 
I]pu 2o6aBeHun 31IeKTpOMTa UBeT CYCIeHSHH H3MeHAJICA Ha TOJLyOoBaTO-3eWe- 
HbIli HIM TomyOoli (MaKCHMyM Ha CieKTpotboTOMeTpHYeCKUX KPMBBIX B OOIACTH 
660 mu) — kpupan Tuna » no H. E. Begeneesoli u M. H. Buxyaosoii (?,*). 
Hekoropple o6pa3ibl OOHapyXHJIH COBCeEM MaJl0e H3MeHeCHHe OKPackH B IpHCyT- 
CTBUM 9/IeKTpOHTa, YTO Ha CIMeKTPpOOTOMeTPHYeCKUX KPHBbIX BbIPasHJOCb 

B TOM, 4TO MaKCHMYMBI MOPJIOULeHHA B OOWIACTAX 618 u 660 mp nouTH OAMHAaKOBbI 
‘mo BemwunHe. C COJAHOKHCABIM OeCH3HHHOM CyCMeH3HH JaBaJIH CHHIOIO WIN 
-cepoBaTo-CHHIolO OKpacky. 
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Muxkpockonuyeckue ucc1elOBaHsA OPMCHTHPOBaHHIX pelapaToB IHHUCTOH 
(ppakunn <1 1) B MMMepCHH MOSBOMHIM OMNpeeMHTb. KPHCTAIOONTHYCCKHE KOH- 
CTaHTbI, KOTOpble TaKxKe HCTIbITbIBAaIOT KoseOaHHs. iia Benropog-lHeyenex- 
ckoro paiiona c oueHb Ca60 BbIpPaxKeCHHbIM OKP€MHEHHeM MepreJIbHO-MeJIOBbIX 


nopox NV, OpHeHTHpoBaHHEIX MpenapaTos KoeOneTca oT 1,545 no 1,058, unorgza 
mocturaa 1,570 (ato, Mo-BuyuMOMY, OOYCJOBJIeHO IIpHcyTCTBHeM CBOOOJHbIX 
OKHCJIOB COeAHHeEHHH «ee3a). N> Koue6eTcaA B Iipemetax 1,530—1,545, a 
N,—N, oT 0,015 xo 0,025. 
ae} KP@MHE3CMHCTHIX MeJIO-MepreJIbHbIX MOposax yrouwbHoro Jlon6acca noKa- 
3aTeIM IIpPeJIOMeCHHA TIMHHCTHIX MpelapaTOB 3HAUHTeIbHO CHHKaIOTCA: NS 
330 3ecb cocTaBaseT 1,505—1,510, a B HeKOTOpBIX 
cayyaax mo 1,490. 
TepmuyeckHe HCCJIEqOBaHNA MeTOAZOM up- 
(bepeHIMaMbHbIX KPHBbIX NOSBOJIHIM WIA pak- 
ILHM rtHH <1 NONYYATh TepMOrpaMMbl, Xapak- 
TePHble JIA MOHTMOPHJVJIOHHTOBOH Tpylitbl Mu- 
HepaoB (puc. | a—oc). Kpuppie HarpepaHna 
XapaKTepH3yIOTCA CJIeLYIOULMMH TepMHYeCKHMH 
asbdektamu: 1-H, rayOokHH, SHAOoTepMHuecKul 
addekt B o6mactu 100—190°; 6omee caa6niit, 
HHOPa COBC€M H€3aMeTHHIH 2-H SHAOIpPeKT B 
o6sactu 520—580° u 3-H, c1a6bili, 2HROTepMH- 
yYeCKHH 9eKT, NepexoAWLHH B IK309@cpexrT, 
- mpu 870—890°. Tlonormi ak30TepMuyecKuH 3¢p- 


300 
540 
830 (beKT C MAKCHMYyMOM B O6sacTu 300—350° yKaspI- 
e\ 50 / 330 feces BaeT Ha OKHCJICHHe TOHKOJNCHepCcHOH OpraHHuky 
(cya io peakuun c NaOH, Tuma ryMHHoBbIx 


71. B : 
oe 415 550 COeMHEHHH) H UHOra 3aTylWeBbIBaeT 2-H 9H- 
20 2 RR. joappekT. XapaktepHo, utTo 2-H SHAOTepMHue- 


7, e 
3 as ckHH 9cctpeKT ipoTekaeT pH TemMepatTypax 
ep HyKe 600°, uTo ykKa3bIBaeT Ha  xKemesocozep- 
iD 870 ‘Kalu THI MOHTMOpHsoHHTa (4). 


Or o6mlero THMa KpHBbIX HarpeBaHHA 3HauH- 

Puc. 1. [uddepenunarpune xpu- TCIbHO OTJIMYaeTCA TepMorpaMMa TJIMHMCTOIi 

Bble Harpepanus (ppakuun <1u paKUMH MepreJIbHOH MpOCMOHKH Cpe CaHTOH- 

HekapOouaTHOH 4acTH MelO-Mep- cKoro mucuero Mena r. M31I0ma. Ormuune 3To 

ee ee COCTOHT B XOPOLIO BbIPaxKCHHOM SK30TEPMHYECKOM 

adpipeKTe c MaKcHMyMoM pH 1045° uw pa3sBuTHeM 

2-ro SHOTepMuyecKoro SpeKkTa B O6mactu 630—700°, uTo XapakTepHo qua 
ACKAHCKHX O€HTOHHTOBBIX TuIHH (puc. | 3). 

O6ujad ToTepaA Beca TIpH HarpeBaHHH fo 900° coctaBaset oT 11 go 16%, 
MIpH4eM B OONACTH BbIJeeHHA acopOMpoBaHHOH BOLI NOTepA Beca COCTaBAeT 
ot 6 yo 11%. B o6acTu Temnepatyp BpIe 200° yeTKO OrpaHHYeHHbIX Y4aCTKOB 
Ha KPHBbIX He HaOsIOJaeTCH, HU MOTepxA Beca, MO Mepe HarpeBaHHA, HeT Oomee 
WJIM MeHee paBHoMepHo. Jia u3iomMcKoro OOpa3ila 3aperucTpHpoBaHa moTeps 
Beca 0 25%, mpuuem 19% mpuxoqUTCA Ha yaleHHe afcop6upoBaHHOli BOLE. 

IIpu pentrenorpapuyeckux HCCeqOBaHMAX MOUTH BO BCeX Mpemapatax 3a- 
(PHKCHPOBaHbl HHTeHCHBHbIe pedeKcbl, OTBeYaoNMe 3HayeHHAM C sin B = 
= 12,3—15,7 1 9,7—10,9kX. Unorga 3TH pedbrekchi CIMBaIOTCA B OHO IMpoKoe 
AudpysHoe Kowbyo. Mocwe HachiileHua OOpa3sia MIMWepHHOM Ha peHTTeHorpam- 
MaX NOABJIAIOTCH UCTKHE Pa3JeJIbHble pedJIeKCbl, OTBEYAIOMLHE MeEXKIVIOCKOCTHBIM 
paccTosHuAM +18 KX, B TO BpeMA Kak pecbieKcbl, oTBeyaioulHe 9,7—10,9 KX,_ 
OCTAaIOTCH HCH3MCHHBIMH. OT OpHeHTHpOBaHHbIX MpelapaToB NoyyeH Hadop 
Oa3abHbIX OTpaxkKeHuit MOHTMOpHIMoHHTa yo (00.11), mpu4yem nocTosHHO uM 
CONYTCTBYIOT peJeKCbI, OTBEYAIOULHe Me@KIVIOCKOCTHBIM paCCTOAHHAM THpo- 
cmon mpH 9,4 —10,9 u 3,16—3,33 kX. Takum o6pa30M, qeOaerpamMbt jaloT 
BO3MOXKHOCTb C YBEPeCHHOCTbIO HHTEPMpeTHPOBATb OCHOBHOM COcTaB TIMHUCTOH 
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pakuwu< 1m Kak cMecb rujpocso_bI M MOHTMOpHaAMOHUTAa. [lapamerpEr 931e- 
-MeHTapHOH AYeHKH, BLIUHCIeHHBIe 10 OTpaxkenusm Ak (06) u (40), KomeOmoTcr 
B TaKHX Tipewedax WIA PasIM4HbIX OOpa3snoB: b = 8,96—9,02 kX,a sinB = 
=5,12—5, 16k X, uTo xapakTepHo JIA WMOKTasIpu4ecKUX MHHEpasoB THMAa Fupo- 
MYCKOBUTA (HJIIHTa) H MOHTMOpHJIJIOHUTa C MIpeHMYyLeCTBeHHBIM 3aceeHHeM 
OKTASIpHYeCKHX MOSHI 3-BaJeHTHBIMH KaTHOHaMH. TepmMuyecKkan XapakTe- 
pucTHKa W XMMHYECKHE aHaJIM3bI MOSBOJAIOT IpeANONaraTh YaCTHYHO 3aMelleHHe 
Al wa Fe®" B oxtasgpax. UckstoueHnve B 9TOM OTHOMICHHM COCTABAeT JIMUIb 
M3IOMCKHH OOpasell, NpelctaBsioulMH mowTH uucTEii Al-MoHTMOpHJIOHHT. 


Taoauna 1 


Coyepxanue B IpolentTax 


SiOz Al,03 | Fe,O, | P.O, FeO MgO | CaO K,0 Na,O |n.1.0.*| cymmMa 
1. O6pas3en 
_ H3nHcuero 13,96 
Mela 40,74)17,87)| 6,94 | 1,70 | 2,33 | 2,36 | 10,57] 2,28 | 0,67. |(2,86)| 99,42 
2. O6pasen 
43 Meono- 
Ac6Horo Ooo 
Mepresa 03,46 | 17,814 7,37 | 0,16 | 1,59 | 3,77 | 3,30] 2,86 | 0,48 |(2,90)|100,03 


*B trom uuncae S. 


XUMHYeCKHE aHAJIH3bI PIMHUCTOH dpakunH <1 p (cm. Ta61. 1) noKasbIBatOT 
' 3HaUMTeIbHbIe KONeCOaHHA B COsepxKaHHH SiO, B pa3sIMYHbIX OOpasnax. Movexy- 
JIAPHbIe OTHOMeHHA SiO, : R,Os Kone6motTcs oT 2,7: 1 no 4: 1. 
Jima oOpasua, HavOonee npHOnMxKalolleroca mo cocTaBy dpakunH <1 u 
K MOHOMHHepaJIbHOMY MOHTMOpHsIIOHUTOBOMy c Al,O3 : SiO,=1: 5 (Ta6a.1, 
o6pasen Ne 2) Obima paccuHTaHa cCTpyKTypHax cdbopmysia, Ha OCHOBe MOTHBa 
[O10(OH).]?2- . Sra cbopmyvia umeeT BUI: 


Nap 07 Ko,05 ©4,97 MEo,o1 (Mo, 38 etd Aly i7)* [Sig.51 Aloo O10] -(OH)2-2 H20. 


CielyeT OTMETUTb, 4TO COsepxKaHHe amopduHol SiO,, onpeseseHHOH B ByKpat- 
“HOH COJIOBOH BbITAKKe, He MpeBbicusio 0,7%, a TOHKOAMCHepCHbId KBapIL He 
-SacpuKCHpoBaH Ha KpHBpIx OxaxKeHua no A. HW. Hperkosy (°). Kovmuectso 
CBOOOJHBIX OKHCIOB Fe,O3, Kak MOKa3bIBaeT JJIEKTPOHHAA MMKPOCKOMMA, TakxKe 
He3HauHTeJIbHO. 

Ilapametp pemerku b,, ompeyeteHHbili u3 sToH dpMy.tt mo Mak-sany (*), 
TOYTH TOYHO COBNAT C IKCHEPHMeHTAJIbHO ONpeeJeHHbIM H3 peHTreHorpaMmM, 
4YTO YKa3bIBaeT Ha TO, YTO CTPYKTYpHaA PopMy.1a JOCTaTOYHO BepHO OTparmKaer 
pealbHy!0 CTpyKTypy. 

QEKTPOHHOMUKPOCKOMHMYeCKHe HCCJIeEMOBaHHA TaKKe CBUJETeIbCTBY!IOT O 
CM€CH MOHTMOPHJJIOHUTAa HM FHApOCJObI B PIMHUCTHIX (PpakWMAX Mepre/bHO- 
MeJIOBLIX Tlopog (puc. 2a). Baaroyapa 3JIeKTpOHHOMy MHKpockony yJlaJl0cb 
BacUKCHpOBaTb «aKIeCCOpHble» TIMHHCTbIe MMHepaJbl, KOTOpble, KaK TpaBuso, 
He yaBaslOcb YOBUTb ApyrHMu MeTOJaMH, Tak KaK HX COJeprKaHNe He MpeBbi- 
iaeT 1—2% gpakuuu< lp. K TakuM MuHepasiaM NpHHaqiexkaT raly3ur 
(puc. 26), KaONMHUT, a TakxKe IleMKOBHJHbIC KPHCTaJJIbI HOHTpoHHTa. Cireqyer 
‘OTMETHTb, UTO KAOJIMHUT B MepFreJIbHO-MeJIOBbIX TOPpOJaX YCTaHOBJICH HeKOTO- 
PbIMH ucceyqoBaTenAMH peHTreHorpaduyecku (*). 

IIpucyTcTBue KaOJHHUTAa ABJIACTCH HHTePeCHbIM MOMCHTOM, TOBOPAIHM oO 
iefO aJIJIOTHTeEHHOM TIpOHCXOKJeHHH H, BOMpeKH CYLIeECTBYIOWLHM MpeycTaBute- 
HMAM, O 3HaUHTeBHOH ero ycToii4uMBOCTH B OOCTAHOBKe IeOUHOH cpembl c pH 
'9—9,7. Kak nokasbiBaeT 3leKTpOHHad MuKpocKonHusA, ia Benropog-Ilevenex- 
ckoro paiiona HaOulogaetcH 3HayHTebHOe MpeoOlaqaHue OONAKOBUAHDIX pas- 
MbITHIX YACTHIL MOHTMOPHJIOHUTA Hay Coulee KPyNHbIMH WH YeTKO OYePYeHHBIMA 
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yacTulaMu rugpocmoy. B mpeyentax yrombyHoro JtonOacca cogepKanue ruypo- 
C/O], B MepreJIbHO-MeJIOBbIX MOPOWaX 3aMeTHO BOSpacTaeT, COCTABJIAA B HEKOTOPbIX 
oOpasnax Gomee 50% uacrun. Kpome Toro, 3fecb HaOuloqaeTca cBOeoOpasHoe 
oOpacTaHue rHpOCMIOAMCTHIX YaCTHIL MebYAaMIIMMM MOJyMpoOspayHbIMH KpucTal- 
JIMKaMH, UTO IpHAaerT Bceli YacTue 3Be3q00OpasHbI OOMHK (puc. 2 @) H, Ha Halll 
B3PIA, CBHCTeIbCTBYeT O [MareHeTHYeCKHX (S9IIMFeHETHYeCKHX) MpeoOpa3soBa- 
HUAX TVIMHUCTHIX MHHepaJiOB B MepYeJIbHO-MeJIOBbIX Mopoyax. HanOomee xa- 
PaKTepHO 9TO TIpOABJIAeTCA B BePXHe€KAMMAaHCKHX Mewlax paiiona ycTbs p. Jlep- 
Kyl, Te cofepxkanve TakKUX pereHepMpoOBaHHbIX YacTH, JocTuraeT 10%. 
Takum 06pa30M, HeCMOTpA Ha TO, 4TO PIMHUCTad PpakunA <1 MepreJbHO- 
MeJIOBLIX OPO XapaKTepH3yeTCA TMOCTOAHHBIM OCHOBHbIM MHHepasorHyecKHM 
(POHOM, TIpeCTAaBJICHHBIM CMECbIO MOHTMOPHJWJIOHHTA MH THPOCIONb, B pasJH4- 


HbIxX paHonax Hawke OJHOBO3PacTHbIX MOPO], BCe #KE HMEIOTCA 3aMeTHbIC BAapHalHu 


Kak B KaueCTBeHHOM, TaK H, OCOOCHHO, B KOJIMYECTBCEHHOM OTHOWeHHH. I[loq06- 
HbIM 2Ke OOpa3o0M BeseT CeOA AMOPHHI KpeMHe3eM, OPraHHyeCcKoOe BEeMLeCcTBO HU 
10-BHHMoMy, docdats. Bo d@pakuun 0,001—0,01 mm tak xe BegyT ceO” meo- 
JIMTHI. 

Muiio, Kame u Bont (’), u3y4¥aBlive rvIHHHCTbIe MHHepaJibl B MepreJIbHO-Me- 
JIOBBIX OTJO*KeHHAX TIlapwxKcKoro GOacceltHa, OOHapyxKHIH MOHTMOPHJJIOHHT 
co cleqaMi WIIHTa H MMpodussutTa. K BEIBOLLY O MOHTMOPHJIJIOHHTOBO-HJIJIHTOBOM 
cocTaBe mpuuiia takxe Ulaxtma6enb u Wpenep (°), u3syyaBuiue rauHuctbie 
(bpakilMM pa3sqMUHBIX u3BecTHAKOB Tepmanuu. T. HW. Hocos (°) Ha ocHopaHuu 
jleTaJIbHOrO H3YYeHHA TYPOHCKO-KOHbAKCKHX MeJIO-MepreJIbHbIX Tlopoy p. Jona 
MIpullest, MpaBla, K BbIBOAY O OeleHTOBOM CocTaBe TJIMHHCTHIX paki, 
OHaKO, IIPHHHMaxA BO BHUMAHHe TocseqHHe paooTbl HM KPHTHYeCKH NepecmMaTpu- 
Bax TIOJIYYCHHbIe Pe3yJIbTaTb!, Bce Ke OyeT NpaBHbHee B JaHHOM CJIyyae He 
ON€pHPOBaTb TePMHHOM <«OeliqeJJIMT». 

B OTHOWICHHH IpOHCXOKTeCHUA TIMHUCTbIX MHHEpaJIOB B MepreJIbHO-MeJIOBbIX 
nopoyax CulekyeT ClelaTb BbIBOT, UTO B MOMABJAIOWEM OOJIbINMHCTBe STH MHMHE- 
paJIbl HMEIOT AJIJIOTHTCHHOE MPONCXOKMeHHE HM He CBASAHBI C pasJIO*KeHHEM ByWKa- 
HuYecKoro Mensa. B KayecTBe BO3MOXKHOFO HCKJIOYCHHA MOYKHO Ha3BaTb JIMLIb 
PIMHOSCMHCTHIH + MOHTMOPHJWJIOHHT H3 MepreJIbHbIX IIpocsoeK B CaHTOHCKOM 
Mely Pr. [{310Ma, OHaKO VM 37eCb He ObIWIO OOHAPYXKEHO IIPAMBIX OKA3aTeJIbCTB — 
KaK, HallpHMep, Pe@JIHKTOBbI€ MeMIOBble CTPyKTypbl B wWwHdax. 

CreqyeT OTMETHTb HaGJIOTaIOulHecA MO 2ICKTPOHHbIM MHKPOCKOTIOM Tepe- 
XOJHbI€ (POPMI OT YaCTHIL PHAPOCIION K PaSMbITHIM YaCTHILAM MOHTMOPHVJVIOHHTA, 
UTO TOSBOJIAeT IpeANONOKUTh HaNHYHe CMeWIAHHOCJIOUHBIX PIMHHCTHIX MVMHepa- 


JIOB, OMHAKO OKOHUATECJIbHOE PelleHve STOTO BOMpoca TpeOyer MpOBeeCHHA 6ouee 


TOHKOTO H rutyOokoro CTPYKTYPHOTO daHaJlv3a. 


XapbKOBCKHIi YHHBepCHTeT Tlocrynno 
um. A. M. Toppxoro 6 XII 1960 
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Hoxkaagn Akagemuun nayrx CCCP 
1961. Tom 138, N31 


PEOXHMHA 


JI. ®. BOPHCEHKO, JI. Fr. KYPABJIEB u JI. H. COCHOBCKAA 


O KOPPEJIATHBHOM CBA3H CPEHEFO COMEP)KAHHA 
CKAHJMSA WU HEKOTOPbIX NOPOJOOBPA3YIOUINX IJIEMEHTOB 
B HHTPY3UBHbIX MOPOWAX 


(ITpedcmaeaeno axademuxom Jf. H. [llep6axoeum 21 VII 1960) 


Kak W3BeCTHO, CKaHJHH BCTpeuaeTCA BO BCeX PMIaBHLIX THNaX MHTPy3UBHbIX 
nopox. Bomee Bpicokwe cpesune cofepxanua Sc,Os Ha6mogawTcsA B yJIbTpa- 
OCHOBHBIX M OCHOBHBIX ropofax (0,007—0,003%), 6onee Hu3Kue (0,001— 
0,0002%) — B cpeqHux u KucapIx. B. M. Tonpammugt (*) cuutan, aro coxepxKa- 
HHe CKaHJMA B MHTPy3HBHBIX NopofaX HaXOMMTCA B TeCHOHM 3aBHCHMOCTH OT 
KoIMY¥ecTBa MarHuad. B padotax Puursyya (°), Hoxkongca u Amsena (*) u Bo- 
pucenko (') oTMe¥aacbh MpeAMOUTUTeIbHAA CBA3b CKAHUA C [BYXBaJICHTHbIM 
?KeJIE30M. 

B HactosileH pa6oTe C MOMOL{bIO TeOpHu JMHeEHHOH KOpperAuMM pH yyeTe 
HOBBIX ONpeeseHHu cofepxKaHHA cKaHANA (Tad. 1), BbINOJHeHHbIX aBTOpaMy, 
MbI MOKa3bIBaeM, 4YTO B HHTPY3HBHBIX Noposax CylMlecTByeT KOppeJIAWHOHHAA 
CBASb MexKAy cpeqHuMH cosepxKaHHamH Sc.Os u FeO u CaO. C apyrumu nopojio- 
oOOpasyiolMMH OKHCaMH, B TOM uNcme H c MgO, Takada CBA3b OTCYTCTBYeT. 

OnpefeneHve coflepxkaHHA CKaHJHA MpOM3BOAMIOCb CN€KTPOXHMHYeCKUM . 

MeTOOM. IlepBoHauambHO JIA yaueHHA KpeMHe3seMa HaBeCKa HCXOAHOH Mo- 
pogst (ot 1 xo 10 r) o6pabaTHIBamacb cMecbIO MlaBHKOBOH HM CepHOH KuCJOT. 
Tlocme momHoro OTeNeHHA CepHOH KHCJIOTHI CyXOl OCTaTOK, B KOTOpOM IIpH- 
CYTCTBOBAIM YaCTHUKH HepasORKUBIUeHCA MOpoOsbl, ciiaBianca c KNaCOs. 
CnuaB pacTBopssicaA B pa3OaBIeHHOH CouAHOH KUCOTe. SaTem Fe, Ti, Zr, Nb, 
Ta ocaxfanucbh KymdepoHoM uM 3KCTparMpoBaiuch xsopodopmom. Ilocae 9Kc- 
TpaKUMH KyndepoHoM pacTBop oOpa6aTEIBasicA aMMMakom. OOpasoBaBuinecs 
rugpookucu Sc, Al, Be u Apyrux a7eMeHTOB paCTBOPAJMCb B KOHIGHTPUpOBaH- 
HOM CONAHOH KUCMOTe, H Sc sKCTparupoBasica Tpu6yTHIdocdatom. Ilocne Box- 
HOM pesKCTPakUMH B pacTBop, CosepxKallvli CKaHAMM, TOOaBAICA pacTBOp a3soT- 
HOKHCIOPO IMPKOHUA, Nocyie wero AMMHAKOM OCaKasIMCb THAPOOKHCH IHp- 
KOHUA WM CKaHIMA, KOTOPble MpocylIMBaIHcb MU MpoKaJMBaIHcb. CoxepxKanne 
CKaHIMA B MOJYYeHHOM OCTATKE OMPeAeANOCh CIEKTPaJIbHbIM MeTOAOM Tpex 
STAaIOHOB. B KayeCTBe OCHOBBI JIA 3TAJIOHOB HCHOIb3OBalaCb JBYOKHCb WHp- 
KOHHA. CnekTpbl CHHMasIuCb Ha cnekTporpade MCII-22 c TpexsMH30BbIM KOH- 
eHcopom. McTouHukoM Bo36yxKeHHA CyKUa Jyra NMOCTOAHHOTO ToKa. 

Hapecka mpo6p 10 mr cmemtMBasacb c 5 Mr yroJIbHoro Tlopomka MH MoMella- 
Jacb B yrsayOleHve HMKHErO JeKTpOa — aHojla, UMelollero @opMy BOpOHKH 
MameTpom 3 MM UM ruyOHHO B WeHTpasIbHOH uacTH 2 mM. Jlyra 3axKMramach 
M@XKLY PaCciOOXKeHHbIMH BePpTHKAJbHO JJIeKTpOaMH Mp cue ToKa 5 a.B Te- 
yenue 10 ceK. CHa TOKa NOJHHMasacb JO 17 a, pH KOTOPOH SKCMOSHIHA Co- 
cTaBaaa eme 15 cex. [pagyupopounble rpapuku CTpoOHHCb B KOOpAMHAaTAax 
: 


S 
AS =, IgC. 


Vcnonpa0panacb nuHua cKangua II] 2552,36. UyscrButesbHocTb CieKTpOXHMH- 
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Cogepaxanne ScsO3 B MarMaTH4eCKHX Mopoyax 


“Taéanua if 


Tlopoxa Mecrto B3xTHA MpO6bl Ne nmpo6pt 
Jyuur Pai-H3, Tlonapuprit Ypaa 2091 
Yxtyc, Cpemnnn Ypan 299 
Hurruc, Kompexuit 0.-0. 0019 
VWnranuckui, Wenrpanbuplt AnjancKult p-H 0020 
Tlepugorur Macao, Tlonapupit Ypan 2181 
2184 
Pai-M3, Tlonappuplit Ypaan 0476 
0457 
Anataepcxuh, Cpetunn Ypan 264 
Hutruc, Koapexuit m.-o. 5 
8 
10 
[Iupoxceuut Pali-Hi3, Tlonapuplt Ypaa 0477 
Cunas, Cpemuult Ypan 100 
Toactaa, Cpequuit Ypan 113 
Baponckasl, Cpequnit Ypan res 
Yxtyc, Cpequnii Ypaan oe 
304 
Xa6apupit, IOaupi Ypan 3927 
Hutruc, Koapeknit m.-o. 
2 
16 
Adpukanya, Koapexuit 11.-0. 3032 
3033 
Byopuspsu, Kapeansa 3003 
Ap6apactax, Akyrua rine 
[a66po Pan-H3, Tlonapupit Ypar OAT4. 
SmeeBan, Cpeguult Ypaa 290 
Yxtyc, Cpequuit Ypaa 305 
Xa6apuplli, (Omupt VYpaa 351 
lOxwubit Ypan roe 
Ilatpru, Ky3Heykui Anatay 0209 
SanaqHoe [Ipn6atixanbe 0207 
Hutruc, Kompexuit 01.-0. 
J{uopur Pat-H3, Monapyplt Ypan OA741 
Boctrounpili, M3ympyaupre konu, Y pas 
J\uoput-nopdup 
Ksapespili auopuT | Pebruuckuli, Cesepuuii Ypan 0022 
Jlo6puuckuit, Xa6aposcxuli Kpaii 0030 
T panogquopur Beayxa, Bocrounoe 3a6atikasbe 53 
542 
1007 
1008 
Kapaxoabexul, Sanaquaa Typa 0024 
Copiceptckult, Cpequuh Ypan 0024 
Mapmenoropekul, Ypan 0025 
CptnHopckuli, JLBK 0028 
lpanur Koukapexuit, Ypaa 0034. 
Benyxa, Bocrounoe 3a6alikasbe 41 
TA 
74 
Kykyap6ehH, Bocrounoe Sa6aiikasbe 0422 
Ilypysryescxu, Bocrounoe 3a6alikambe 641 
640 


*Tlo Uenumesy. 


** Tlo Baacopy uw KyryKopoii (?). 
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Cofepx anne 
Sc:,0; 8B % 


0,00055 
0,00015 
0,00015 
000030 
0,00015 
0, 00046 
0 ,00085 
000080 
0,00110 
0,00122 
0, 00046 
0, 00061 
000440 
0,01530 
001360 
001860 
0,00110 
000320 
000120 
0,00213 
000120 
0,00410 * 
0,00600 * 
0, 00320 
0, 00380 
000840 
0, 00930 
000830 
0, 00860 
001700 
000300 
0, 00460 
0,00420 
000500 
000370 
0, 00220 
000300 
000300 
000260 * 
000045 
0,00290 ** 
0,00150 ** 
0, 00040 
0,00110 
0, 00030 
0, 00040 
000050 
0 ,00070 
000230 
000040 
0,00120 
000070 
0, 00040 
0, 00003 
0, 00030 
0,00018 — 
0, 00036 
0, 00018 
0, 00016 


Ta6auua 1 (npogomKenue) 


CopepxKanne 


Tlopoga Mecto B38aATHA Npobpl Ne npo6ént Sc.0, B % 
Ulepsosa ropa, Bocrounoe Sa6aiikaabe 0340 0,00014 
Tpanut 622 0, 00010 
0339 0, 00020 
Y 6uno-Bbenopeyenckuh, Asraii 0337 0,00010 
STbIKHHCKHH, Bocrounoe 3a6alikambe 601 0, 00004 
OmunkaHduuckun, AkyTusa 0324 0,00013 
0326 0, 00010 
Ks3p1a-Tac, Wenrpanbuplt Kasaxcrax cpeqHee 0, 00040 

lo 6 

mpoOam 


Ta6Oaunma 2 


Cogepxanne Sc.Og B PlaBHbIX THIMaX HHTPY3HBHBIX Mopoy 


CofepxaHue Sc30, B % 
Tlopoza Uncao npo6b * iS: 
MMHHM,. MaKCUM. cpeqH. 
Jlyuur 4 0,00015 | 0,00055 0, 0003£0 , 0002 0, 0002 
TlepHAoTuT 8 0,00015 |} 0,00122 0, 00070 , 0003 0, 0004 
(Inpokcenut 18 0,00140 | 0,01860 0, 00720 ,0027 0,0056 
Tad6po ) 0,00120 | 0,00460 0, 00310 , 0008 0,0012 
_ Anoput u rpanoguopur 13 0,00030 | 0,00290 0, 001020 , 0005 0, 0008 
Tpanur 20 0, 00003 | 0,00040 0 ,00020 , 00008 0, 0001 


* CxaHquH OOHapy2xeH BO Bcex mpobax. 
Ta6auna 3 


Cpeanue cogepxanusa SiOz, AlxO3, FexO3, FeO, MgO u CaO 
B HHTPy3HBHBIX Mopoxax 


Oxucabl Jiyuut Mepuyzorur oe Ta66po J\uoputT I panut 
SiOz 40,49 40,49 46,96 48,24 61,59 69,21 
Al2.O3 0,86 9,00 6,37 17,88 We pea 14,41 
Fe,03 2,84 4,64 4,08 oy sail(6) DoS 1,98 
FeO D4 Wott 10,85 Dal. Sin 167 
MgO 46,32 30,82 PSA: Teton 2,80 dal) 
CaO 0,70 4,41 16,03 10,99 D500 2h, 


/ 


yeckoro MeToya coctaBiser 1-10°-°% mpn 500-KpaTHom xuMuMyecKOM o6ora- 
-mleHuv. Cpequaa omm6Ka ompeyenenua coctaBisetT ~10%. 

B ocHOBy BbIUvceHHA KOIppuUMeHTAa KOPpeNAWHM ObIIM MOOKeHLI cped- 
/HMe cojepxaHua Sc,O3s Wd riaBHbIX THIOB H3BepxKeHHbIX MOpo (Tau. .2) 
“MU CpeqHHe cofepxKaHua Moposoo6pasyowux oKucIOB: SiO,, Al,Os, FeOs, 
Fe) MgO u CaO (ta6n. 3). Cpeaune cogepwanua Sc,Os onpeyesenbl Hamu 
Kak CpeqHve apudmetuyeckne. S — cpeqHee KBaj[paTH4YHOe OTKJIOHeHHe, KO- 
T poe MOKAa3bIBaeT CTeMeHb pacceAHHA eC/\MHMYHHIX ONpeseeHHH BOKPyr cper- 
Hero apudbMmeTuyeckoro. SHaveHHA CpeMHUX COsepKaHHH NOposooOpa3syrouyunx 
OKHCJIOB B3ATHI Mo JH. 

Bpluncienve KoauNeHTOB KOppeJALMM FT M@%KLy CpeqHUMH CosepKaHnAMA 
Sc,O2 M cpeqHuMH coyepkaHHaAMu MOpooo6pasylowluX OKUCJIOB B IJIaBHbIX 
‘THMaX HHTPy3MBHbIX MOpos: AyHUTe, MepusoTUTe, MMpoKceHUTe, raOOpo, HO- 
‘pute uM rpanuTe — Mokasaio, YTO KOppeAWHOHHAA CBASb XapakTepHa iA 
‘conep2Kannti CueyIOUlUX Map oKuCcIOB: Sc,Os Hu FeO; Sc,0s u CaO. 
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B ra6n. 4 npuBeleHbl 3HAYeHHA BLIYHCCHHIX KOIPPHUMEHTOB KOPPeJIALMH F 
H IIpOH3BeeHHA CTaHJapTHOTO OTKJIOHeEHHA KospPuuMeHTa KOppeIANMU 9; 
Ha BemmunnHy ty, COOTBETCTBYIOULyIO 3aqaHHomMy~ (95%) YPOBHIO 3HaYMMOCTH 
t, = 2. KoppenATHBHy!0 CBA3b CJleLyeT MpH3HaTb CYIMeCTBeEHHOH, eC/IH a0co- 
JOTHaA BeEMHUHHA KOSppUUMeHTAa KoppedanHn |r| Combe HIM paBHa Mpons- 
BefeHHIO f,:0;, T. €. coOliofaeTca caeqyroulee yculioBue: |F | = bq°Or. Takaa 
oleHKa KospvUWeHTOB KOppeIAUMH MWoKasala, YTO HeCyYaHHOW ABJIAeTCH 
THI CBA3b MeXKAYy cpelHuMM cogep>KannamHn: ScxOs H FeO; Sc2Os u CaO, 
OctabHble KospPuIeHTb! KOppeIAUHH CenyeT OTOPOCHTb Kak CJy4aHHble. 


TAO m wie 4 


Koabpuivent KOppeasHH MexKAy CpelHUMH cofep2KaHusAMH Sc2O3 
H CPpe@AHHMH COsep2xKaHHAMA MOposocOpasylOulHX OKHCJIOB 


Oxucabl r | 2or | Oxucabt | r | 2or 
SiOz =) a | 0,84 FeO 0,64 0,52 
Al,O3 {| —0,100 | 0,88 MgO —0,167 0,86 
FesOs 0,368 | 0,78 CaO 0,80 | 0,32 


Ha oCHOBaHHM H3I0x%KeHHOrO BHJHO, 4YTO CpewHee CofepxaHHe CKaHIUA 
B MarMaTH¥eCKHX MOposax HaXOUTCA B KOPPeJIATHBHOH 3aBHCHMOCTH OT cpez- 
HUX cojepxKaHuH JByXBaJIeHTHOrO %KeNe3a HW KaJIbIMA. OTA 3aBHCHMOCTb cpe- 
HHX CofepxKaHHlt Sc,Os oT cpeqHuX cofepxxaHHH FeO u CaO Hata cBoe BbI- 
paxkeHve B BHJe Culeqylollero SMNHpHyecKorO ypaBHeHHA: 

Sc,0; = 1073 (0,503FO + 1,154CaO — 8,552) + 0,01. 

STO ypaBHeHHe BbIBeeHO WIA 95-MpOueHTHOTO JOBeEPHTeJIbHOTO HHTepBaa. 

OyHako, IpHHuMad BO BHHMaHHe, YTO pa3sMep HOHHOTO payuyca H BeIMuHHA 
3JIEKTPOOTPHILAaTeIbHOCTH HaHOosee OM3KUH aA Sc?* uw Fe?* (tadn. 5), cmeqyerT 
CUHTaTb HaHOoslee BePpOATHbIM 3aMelleHHe B MOposooOpasylowlux MHHepasax 
CKaHIMeM JByXBaJleHTHOoro 2xxKee3a. JIelcTBHTeIbHO, CKaHJHH TouTH BCerla 
COJepKUTCH B KeMeSHCTHIX MOposooOpasy!ioulw4X MHHepasax — NMpoKceHax. 
OJIMBHHe, POTOBOH OO6MaHKe, OMOTHTe — H MpaKTHYeCKH OTCYTCTByeT B Ia- 
rHoka3e H KBaplie. TakuM OO6pa30M, yCTaHOBIeHHad HaMH KOppeJALHOHHAaA 
CBA3b CpeqHUX coyepwKaHHh Sc,O3, co cpeqHHMu cofepxaHHamu FeO u CaO 
OTpaxkaeT OOLy10 TeHJeHIMIO pacripeseneHua FeO, CaO u Sc,O03 B HHTPYy3HBHBIX. 
nopowax. 

Ta6auua 5 


Mg Al Si Ca S¢ Fe 

Sapan 2 3 4 2 3 2 
Paguye noua, A One Noe | Onat8) | 1 O4 |) Watt | Ooct0 
0,67 

Koop,HHalnoHHce ulcs0 6 6 4 6 6 6 
6 

IAEKTPOOTPULAaTeIbHOCTH MEAS | P2720) | Zak) | alesse |) 200) ales 
245 


B 3akJu04eHHe aBTOpbI BbIparkKaioT GlarowapHocTb JI. A. Posvonosy 3a weH- 
Hble COBE€THI, NOJIYYCHHbIe OT Hero B pomecce padoTpl. 
VWucTHTyT MuHepatoruH, reoxumHuH Tlocrynnuo 
WM KPHCTaJJIOXHMHH peAKHX 37eMeHTOB 19 VII 1960 
AkajlemMHH Hayk CCCP 
UMTHPOBAHHAA JIATEPATYPA z 
1jI.®. Bopuceuxko, Teoxumua, Ne 7 (1959), 2K. A. Baacos, E./M. K y- 
Ty kosBa, Vs3ympyyzupe konu, M37. AH CCCP, 1960. %C.P. Hoxxkoange, P. Aa- 
eH, Teoxumuyeckve HaOmogenua, VWJI, 1958. *V. M. Goldschmidt, Geol. 
foren. Stockholm férhandl., 56, H. 3 (1934). ® A. E. Ringwood, Geochim. et cos-- 
mochim. acta, 7, 189, 242 (1955). 
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foraayge Akagemun nayr CCCP 
1961. Tom 138, Ne 1 


OKEAHOJIOLH 


0. FT. KO3JIOBA 


KOJIMYECTBEHHOE COJEP)KAHHE JMATOMENM B BOJIAX 


WMHAWACKOLO CEKTOPA AHTAPKTHKH 
(II pedcmaeaeno axademuxom H. M. Cmpaxoeom 22 XII 1960) 

TIporpammoli paOoT MHOrHX Hay4HbIX 9KcHequUMH B ANTapKTHKy mpeny- 
CMaTPHBaJIOCh H3y4YeHHe (UTOMMAHKTOHA B MOBePXHOCTHbIX CJIOAX BOJbI H 
OCTATKOB €FO B MOPCKHX JIOHHBIX OTMOKeHUAX. JA COopa PUTONMAHKTOHA OOBIN- 
HO HCHOIb3OBaIHCb CeTAHbIe JOBbI (SkcnennuHH UenneHmKepa, J[ucKoBepn, 
COBETCK HE MOPCKHe SKCIeAUILHH), a B MOCJIEHee BPEMA IIPHMeHHeTCA HM OCAROUHDIIi 
MeTOI. 

Bo BpeMA COBeTCKHX MOPCKHX aHTapKTHYecKHX 93KcHequNMH AH CCCP 
Ha JM3esboIeKTpoxoye «O6b» TreoorHyecKHM OTPAJOM, MO pyKOBOJCTBOM 
A. II. JIucuupina, 6b11n pa3pa6oTaHbl HOBbIe MeTObI COopa B3BeINeHHOFO B BOJe 
MaTepHaJla, KOTOpble, B YaCTHOCTH, JalOT BO3MOKHOCTb NOWyeaTb AMATOMOBbIX 
KaK C MOBepXHOCTH, TaK HM C OombuIHX riyOuH oKeaHa (°~”). 

M3yuenne OcTaTKOB JHATOMOBLIX BO B3BeCH H3 MOBePXHOCTHBIX CJIO€B H Bep- 
THKAMbHOH TOJIMH OKeaHa MOKET MOMOYb BbISCHEHHIO pAJa 3aKOHOMepHoOcTel 
mpowecca OOpas0BaHHA AHaATOMOBEIX HWIOB AHTapKTHKM. Oco6eHHO BaxKHBIM JIA 
NaeOHTONOrHH HU Naseoreorpapuu ABJIAeTCH BOUpoc O CBA3H MexKy [MaTOMO- 
BbIMH B OMOWeHO3aX HM TaHaTalleHosax. 

V3 MOBepXHOCTHBIX CJIO€B BOJIbI B3BELICHHbI€ YACTHI[bI BbITeAIMCb Cemapa- 
TOpaMH, KOTOPble OTIeAIOT MpOOy B3BeECH H3 JeCATKOB H COTeH TOHH MOpcKoli 
BOybI. CelapaTopbl paOoTaioT HeMpepbIBHO Ha XOJly*CcyAHa, NOSTOMY MpoOsI B3Be- 
CH ABJIAIOTCA CYMMApHBIMH, TMOJIYYCHHBIMH H3 OMPeeJIeHHbIX YYaCTKOB OKeaHa 
IIPOTA2KCHHOCTbIO HECKOJbKO COT KHsOMeTpoB (pHc. 1). B sToM 3ak1O4aeTCHA 
OCHOBHOe OTIHUNE CelapallMOHHOTO MaTepHaJla OT CETAHBIX HM OCAJOUHbIX po 
(UTOMMAaHKTOHAa, KOTOpPbie COOupaioTcA B OTACbHbIX TOUKAX OKeaHa, Ha OKea- 
Horpadwyeckux cTaHwuax. CenapallHOHHblli MaTepval C TOUKH 3peHHA COXpaH- 

_ HOCTH XpyMKUX JMaTOMOBBIX BOZOpocMeli panee He H3y4aca. Hauimmy uccuieyo- 
BaHHAMM OOMbIUOrO MaTepHasa Oba YCTAHOBJIeHa XOPOIadA COXpaHHOCTb BO 
B3BeECH CTBOPOK JjaxKe TOHKOMAHIMpHbIX uaToMeH: Porosira, Tropidoneis, 
Chaetoceros. 

CopmayeHue OCHOBHBIX KOJIMYeCTBCHHBIX KOMIIJICEKCOB JHaTOMeH B IllaHKTOH- 
HBIX COopaxX H CeMapallHOHHbIX WpoOaxX NO3BOUO H3y4¥aTb KOJIMYeCTBEHHOe 

cojlepxKaHue uaTOMeli moO celapallHOHHbIM mpobam. 

Llenb Hallleli cTaTbH — BbIACHHTb Ha OCHOBe HCCJIeEQOBaHHA BOZHOK B3BeCH 

_ KOJIMYECTBEHHOE paciipefesenve AHaTOMel B NOBepXHOCTHBIX BoZax Mu_ulicKoro 
-cektopa AHTapKTHKH OT MaTepHKa JO 30HbI aHTapKTWYeCKOH MBepreHlHy, 
OT aHTapKTHYeCKOH JMBepreHI[HH JO aHTapKTHYeCKOH KOHBepreHIHM Ui K Ce- 
Bepy OT Hee, OMpesemuB YHCeHHO JOMHHMPYIOUHe BUI WMaTOMeli B 9STHX 
paHouax. 

Jina nactosuseli pa6oTb OblIo HcHOb30BaHO 50 mpo6 B3BecH, coOpaHHoli 
cellapaTopaMu “3 MoBepxHocTHoro cod Mugzuiickoro oKeaHa (0—7 M) B nepnoy 
.2-ro u 3-ro pefica MopcKoli antapKTuyeckolt akcneguiHM AH CCCP na jusemb- 
-SuleKTpoxoye «O6p». B3necb 43 STOO palioHa B OCHOBHOM COCTOAa H3 \MaTOMO- 
BEIX BoOpocse;t. 
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O6uMe opraHHuecKuX OCTATKOB BO B3BeCH, a Tak?Ke BHYTPU MaHUApelt WMaTo- — 
Meli 3ATPYHAIO UX OMpeseeHHe, YTO 3acTaBUJIO Hac paspadoTaTb CieUMaIbHYyIO 
MeTOLUKy O6pa6oTkKu cenapalHoHHol B3Becn. IIpo6br Becom 200 mr oOpa6aTuI- 
BaJIMCb KpelKOH a30THOli KucmoTOH (63%), Mp STOM MOMHOCTbIO CKHTAIOCb 
opranuyeckoe Bemectso. JIA MpHOTOBAeHHA MHKpompenapaTOB B CBA3U C 
BbICOKHM COJlepxKaHHEM JMaTOMOBBbIX BO B3BECH M3 AaHTapKTHYe€CKHX PaHOHOB 


LG, 
9 a2 
aa Pq Ta) 
> TF OR eee LAA 
i | ut i ‘| lh 10 


Puc.1.UncmeHHocTb KeTOK AHaTOMOBBIX B po6ax B3BeCcH H3 | M® BOAbI NO MaTepHasiaM 2-ro pel- 

Ca WH3ebaieKTpoxofza «O6b». /—V — pa3pe3bl, MO KOTOPbIM MpOHSBOAHIHCb COOpbl B3BeCH. 

AJ] — autTapkTuueckas uBeprenuun, AK — auTapkTHuecKad KOHBeprenunA. a — | MJpy.— 

500 Mau. KweTOK B | mM? Bon, 6 — 500 man.— 300 mau., 6 — 300 mau.—100 man., e — 100 Mau.— 
1 MH. 


Muaulickoro okeaHa OUMINeCHHYIO KHCAOTOH M MpOMbITy!IO B JHCTHJIMpOBaHHOk 
Bowe HaBecKy IpHxosNsocb pasBo_uTb B 200—400 ma BogbI (B 3aBHCHMOCTH OT 
UCXOJHOH KOHUEHTpalun uaTOMeH BO B3BecH). JIA MpMroToOBeHHA Mpenapata 
MbI HCHOIb30BaH 0,2 Mi pasBemeHHOW pos. UucseHHOCTb HaATOMOBBIX ONpe- 
NeAach Ha BCel MOWalH Wpenapata (pasmep NoKpoBHoro cTeksa 18x 18 mM), 
a 3aTeM KOJIMYeCTBO AHaTOMelt B 0,2 Ma MepecunTHIBaocb Ha | r B3BeCH HM Ha 
| m® MopceKol BOJBI. 

[lo HauIMM JaHHbIM, YHCMCHHOCTb JMaTOMel B HCCJICNOBAaHHbIX Mpobax Kose6a- 
Jiacb oT | MH. 20 600 Mau. KneTOK B | r B3Becu “MH OT 1 Ma—H. WO 1 Mapa. KeTOK 
B | m® BOB. 

J\ia KOJMUeCTBEHHOH ONeHKH WHaTOMeH Oblia MpHHsATA CeLyroulaA Wikaa: 
') | mapa.—500 man. KeToK B | M? Bognt; 2) 500 Mau.— 300 man.; 3) 300 Mau. — 
100 mau.; 4) 100 man.—1 man. 

Jlannple 0 KOJIMYeCTBEHHOM COJepxKaHHW JMaTOMOBbIX BO BSBeCH CBeJCHbI 
Hamu Ha pue. |. M3 Hero BUAHO, 4YTO BEICOKOe COmeprxKaHHe JHATOMeH B MOBepx- 
HOCTHbIX BOJaX ObluIO OOHAPY*KeHO B BOMAX K Ory OT AHTAaPKTHYeCKOH AUBepreH- 
uu. Camas BbIcoKad KOHIeHTpaluaA KsleTOK (cBbue 500 MAH.) QMaToMelt B 
1 _M Bob! Oba OmpezemeHa B mMpobOax, B3ATKIX y Gepera Ban3sap9 u jfauee, y 
Oepera npunuecce! Panxuabyn. Uucnennocts 2uaTomeit of 500 Man. 70 300 MaH. 
KJleroK B | M® BOLI THIMTHA JIA B3BeCH, COOpaHHo B Mope JleliBuca, K ceBepy 
OT 3am. Ouiac IIproge u y Gepera npunueccst Panxuspypt. Comeprxkanue JuaTomen 
oT 300 min. yo 100 MaqH. KeTOK XapakTepH3yeT B3BeCb, B3ATYIO Ha OObIIOM 
MpOTAKeHHM Mapuipyta y Geperos CaOpuua, Baga, Hoxca, B 3am. Ona IIpiogc. 
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8 6. Jlotnos-Xompm.  tompKo 2 npoOn (NeNe 28 4 33) umetoT YHCEHHOCTb OT 


100 mau. 70 1 Mau. KneTOK B | M® Bonn. Kak BHXHO H3 CKa3aHHOrO, B BOLaX K 
tory OT aHTapKTHYeECKOH AMBeprenHH (NONOKeHHE 3OHbI AHTaPKTHYeCKOM WH- 
BepreHUHH HaHeceHO NO ZaHHbIM MBanopa) (*) HeT paBHOMepHOrO OUeHb BBbICO- 
KOFO COJepHKaHHA KeTOK WMaTOMeH B BOe: HApAY c BLICOKOM KOHIeHTpaluek 
KJIeTOK JMaToMel B | M® BcTpeyaloTca NpoObI c HU3KOH HX YHCMeHHOCTHIO. Ioq06- 
Had He€paBHOMepHOCTb KOJIMYCCTBEHHOFO pa3BHTHA uaTOMeH oNpesemseTca 
pa3sIMuHeM FuAPOMOrMYeCKHX YCOBUH, u, Mpexye BCero, JBOMCTBEHHBIM BJIMA- 
HHeM aHTapKTHYeCKOH AMBepreHuMH Ha pa3sBuTHe duToNankTona. C ofHon 
CTOPOHEI, NOAbeM TyOMHHBIX BOX H YCHJeHHaH BepTHKasbHad WMPKYJAWHA 
CKa3bIBaeTCA Ha YBEJIMYCHHH COepKAHHA OHOFEHHBIX 3/IEMCHTOB B MOBeEPXHOCT- 
HbIX CJIOAX BOYbI, C Apyroh — B OONacTAX NoOAbeMa co3spaloTcA HeOsaronpuaT- 
HbI€ YCOBMA JIA paSBUTHA CUTONMAHKTOHAa, TaK Kak, HapyllaeTca cTa6Hub- 
HOCTb BOJHBIX Macc (17%), r 

VWutepecho yKa3aTb Ha YMCJICEHHOCTb HEKOTOPbIX BHJOB JHaTOMOBLIX BOJO- 
pocseH, JOMHHMpyIOWlMxX B mpoOax, NowyyeHHEIxX y GeperoB AHTapKTHEI: 
Fragilariopsis curta (V. H.) Hust. 307 man. knetox B 1 m® Boge; Fr. rhombica 
(O. M.) Hust. 63 mau.; Thalassiothrix antarctica (Cl. et Grun.) Schimp. 
62 mau.; Amphiprora kjelmanii v. kariana (Grun.) Cl. 47 man. 

Bop Muguiickoro oKeaHa K CeBepy OT 30HbI aHTAPKTHUECKOH ANBepreHuHH 


_ 3HAUHTeJIbHO OeqHee AHaTOMOBbIMH, YeEM K Wry OT Hee. UvcseHHOCcTb 37eCcb 


oObIGHO He MpeBbiuaeT 300 MH. KeTOK, Yallle BCero OHA HAXOLNTCA B pememax 
10 mau.— 300 man. (20 30° to. w.), M3 22 npo6 Bapecu, B3ATEIX B 3TOM paiioue, 
Aaa 15 mpo6 yucnennocTb 10 man.— 70 Mau. KeTOK. Bowee BbICoKad UNCIEH- 
HOCTB QHaToMeH. pabHan 100 man.— 300 MaH KaeTOK, OOHApyKeHa JIMIIb B 
mpo6ax NeoNe 15 18, 40, 39, 42, 43, 44 (puc. 1). Baicokaa uncneHHOCTb AHaTOMO- 
BbIX, KOTOpas XapakTepH3yeT B3BeECb NO adbpHKaHCKOMY pa3pe3y, OOBACHAeTCA 
MIPOHHKHOBeHHeM aeKO K CeBepy XOJIOJHBIX MOBEPXHOCTHBIX aHTapKTHYeKUX 
BOUL. 

B sogax K ceBepy OT aHTapKTHYeCKOl AHBepreHUHH JOMMHUpyioT Apyrue 
BUJbI AMaToMeH: Fragilariopsis antarctica (Castr.) Hust. 36 may. kaeToK B | M® 
Bomnl; Nitzschia barkleyi Hust. 33 mau.; Thalassiosira gracilis (Karst.). 
(Hust.) 17 mau.; Dactyliosolen antarcticus Castr. 3 MaH.— 4 Mau. 

V3 nux HanGosee yacto BeTpeyaetea Fragilariopsis antarctica. Eme gamee 
K CeBepy, 3a 30HOH AHTapKTHUeCKON KOHBepreHLy, T. €. 3a IpelesaMH aHTapKTH- 
gecKOH OOacTH, CHOBa HaGwOaeTCH pe3koOe CHWKEHHeE UYHCICHHOCTH J- 
atomeH B npo6ax NeNe 53, 61, 62 u T. 2. WHCeHHOCTb 2HaTOMeH He MpeBbitaerT 
l Mau. — 7 MAH: KeTOK B1 M?®,T. e. MaqaeT BCOTHH H THICAYM Pas CPaBHUTeIbHO 
c BOqaMH y Geperos AunTapKTusbI. Xace (*) BHAT IpHYnHYy HU3KOH YHCMeHHOCTH 


_ AMaTOMeH B BOaX Cy6aHTapKTHKH HE TOJIbKOB Ppe3KOM COKpallleHHH KOJMUeECTBA 


6HOreHHbIX 3JIEMCHTOB B NOBEPXHOCTHEIX BOaX, HO TAaKKE BCMAOOh yCTOHUMBOCTH 
3THX BOHBIX Macc. MoxkHO CKa3aTb, 4YTO B paclipeyeJIeHHH JHaTOMOBLIX BO 
B3pecH Muyuiickoro cekTopa AHTapKTHKH BaxKHbIMH PyO@KAaMH OKAa3aINCb PaHOHbl 
rHApOMOrMyeCKUX (pOHTOB; eCJIM aHTAaPKTHYeCKaA JMBepreHHA OFpaHuyUBaer 


_ panHoHbl CaMOH BbICOKOH UHCJeCHHOCTH quaTomeH, TO aHTapKTHYeCKak KOHBED- 


reHWMA OFpaHv4HBaeT paloOHbI c Oosiee HH3KOM KOHIWeHTpallMeH uaTOMeH, u 
K ceBepy OT Hee pacnoularaioTcA paloHbl HaMMeHbIWero comepxKaHuA WuaTOMeH 
BO B3BeCH. 

JlaHHble MO KOMMYeCTBeEHHOMY paclipeqelenHio LHaTOMeli B CellapallHOH- 


_ HbBIX mpo6ax B3Be€CH MBI COMOCTABHJIH C JAHHbIMH, MNOJIYGYCHHBIMH IPH H3y4eHHH 


dutTonmanktoua B Muguiickom cextope AuTapKTHKH ('). Sto conocraBmenue He 
MO2KET ObITb MOJIHbIM, TAK KAK MeTOJbI COopa MaTepHaa OTMYHbI (MpOObI B3BeCH 
coOupaloT M3 OMpeseNeHHbIX y¥aCTKOB OKeaHa, MpOObl MlaHKTOHa — H3 OT- 
Re@JbHBIX TOUECK). 

Hamm janHuble B OCHOBHOM corsacylOTCA C JaHHbIMH IlaHKTOHHbIX COOpos: 
BbICOKOe COsep»%KaHHe MuaTOMeH B CeMapalHOHHbIX MpoOax, B3ATLIX B MOpe 
/lelipuca HB paiionax mepBbix paspe3sos (/, //) 2-ro peiica, COOTBeTCTBYeT CHJIb- 
/HOMY I[BeTeHHIO MaTOMeli B 3THX palioHaX, YMeHbINMeHHe YHCMCHHOCTH (pUuTO- 
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jWaHKTOHa Ha ceBepHEIX cranuuax If paspesa (cranunu NeNe 176—178) otpe- 
ywaeT HH3KOli YHCICHHOCTH AHaTOMeH B COOTBETCTBYIONLHX CeMapallHOHHbIX Npo- 
6ax (NeNo 56, 57). Bricokoii uHCeHHOCTH JMaTOMeH B CenapallMOHHbIX mpobax 
No 36—44 no paspesy AxntapKTuga — Adpuka cooTBetcrByeT OOHJIbHOe He- 
MIPepbIBHOe «I[BeTeHHe» (PUTOMAHKTOHA B 3TOM paHOHe MO JaHHbIM MIaHKTOH- 
HOO OTpsa; OOeAHEHHe PPUTONMAHKTOHA B CeBepiOli YaCTH 9TOFO paspe3a BIIOTb 
no Adpuku coraacyetca C HH3KOH KOHI[eHTpallwen jMaTOMel HM B CenapallMoH- 
HBIX mpo0ax 

HecootsercTBue MexKIy YACCHHOCTbIO JMaTOMeH B CellapallHOHHbIX po%ax 
B3BeCH H J.aHHbIMH IJIaHKTOHHOrO OTpAya OOHApyKeHO Ha CTAHUMAX, PacMouo- 
*KCHHBIX K BOCTOKY OT 3eMIH SugAcpOu. Ha 9THx cTaHyMAax Obl onpezemeH 
KOIHUeCTBEHHO OeQHbIM CHTOMMAHKTOH; OHAKO, MO HallHM JaHHbIM, GHCJIeH- 
HOCTb KJe@TOK B MpoO64x 9TOTO pahona Oba OTHOCHTeIbHO BbICOKOHM. IIpuauny 
TaKOrO HeECOOTBETCTBHA, Ha Halll B3PIA, MOXKHO BUJeTb B AOCOJIOTHOM MpeoOsana- 
HAM B CelmapalHOHHBIX mpobax (go 87%) Meb4YaHUIHX KeTOK pa3HbIX BHOB 
Fragilariopsis qmuHot 3—4 , KOTOpble BHAHBI JMUIb pH yBemnyenuu 280X 
H NOITOMY MOryT MpOCMaTPHBAaTbCA MPH MCHbIICM YBeIHYeCHHH, C KOTOPHIM OObIY- 
HO paOoTaloT MJaHKTOHOJIOrH. 

B s3akmroueHHe cmelyeT MoquepKHYTb Te HeECOMHEHHbIC MpeHMyYLlecTBa, 
KGOPOpble TIpPeACTABIAeT BOAHAA B3BECb JIA U3YYCHHA KOMMGeCTBAa AHaTOMel 
B MOBEPXHOCTHbIX COAX BORE HanGowiee BaxKHO, YTO B 11po6ax B3BeCH KOHLUeH- 
TPUpyeTCA BeCh KOMMI€KC AMATOMOBbIX pa3MepoM OT3— 40 150: —200 p. Takum 
o6pa30M, MeToqHKa COopa B3BeCH OOBEAMHSIET OULHOB | MSHHO COd cnocoba cOopa 
(pUTOMIAaHKTOHA: OcaqouHoOro u ceTaHOro (*) He MeHee B 17KHO TO OOCTOATEJbCTBO, 
4YTO MeTOJOM cemapalluu MBI NoOy4aemM H3 MOBEPXHOCTHOFO COA BOLbI Mpo6st 
B3BeCH OoJIbiIoro O6beMa. 

M3yueHne mpoO B3BeCH OTKPbIBaeT HAM OOJIBUIHE BO3MOXHOCTH JIA RbIACHE- 
HHUA BCerO XOMa KOJIMYCCTBEHHLIX H3MCHEHHH, KOTOPbIe MpeTepheBaioT WHa- 
TOMOBbIe€ C MOM€HTA CBOEFO Pa3BUTHA UH MOCMeLyIOULerO 3AXOPOHEHHA B OCaNKaX. 


Uuctutyt okeaHouvioruH TloctynHi0 
Axanemua nayk CCCP 12 XII 1960 


UMTHPOBAHHAS JIATEPATYPA 
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Hornagn Akayemuwn nayr CCCP 
1961. Tom 138, M 4 


TEHETHKA 


M. H. KYJINVK 


SIKCNEPHMEHTAJIBHOE NOJIYYEHHE MYTALLUM Y TOMATOB 


(ITpedcmaeazeno axademuxom B. H. Cykaueeoim 15 VII 1960) 


HccjleqoBaHHAMU psa aBTOPOB MOKa3aHa BO3MOxKHOCTb MOyYeHUS y pac- 
TeHHH MyTalu Cc XO3AHCTBEHHO WeHHBIMH cBOlicTsamu (?7!!), 

Hamu npeAmpuusAta MOMbITKa 9KCMepUMeHTaJILHOrO MosyYeHHA MyTAaLUul y 
-TOMATOB, MIpeCTaBJIAIOWLHX SHAYHTeJIbHbIH HHTepec B KavecTBe OObeKTa TakKOro 
- poxa ucceqOBaHHH HM MOTOMY MpHBJeKaBIHX yxXe BHHMaHHe HcceqoBaTe- 

mei (12-15). 

| B HAaCTOAIIeM HCCIeqOBaHHH CTaBYJIaCb, NpexKe BCero, Ub BbIACHHTb 
BO3MOXKHOCTb SKCIICPMMEHTAJIbHOrO TOJYYeCHHA PaHHECNeJbIX, ApyKHOcospe- 
BaloulHX, Ooee MPOAYKTHBHBIX MH HEKOTOPbIX JPyrHX MpakTHYeCKN WeHHbIX My- 
| TaHTHBIX OpM TOMATOB. 
B kauecTBe MyTareHHbIx PaKTOPOB HaMH IPpHMeHAJIHCh TeMJIOBbIe HEHTPOHbI" 
Ppe€HTTeHOBCKoe Hv Yy-OOuyyeHHe. 
| MatepuaomM JIA uCCMeqOBaHHA cyKUIU copTa TomMaToB IlymkuHcKHh, 
Upyutospiit geceptupm, Wtram6ospiii KapaukoBpiii H Bu3on. O6pa6oTKe nonusu- 
pytolle paqualueh no_Bepramucbh BO3YUIHO-cyXve CeMeH32, XpaHHBIIvecA JO 
Hayala ombira B TeyveHHe 2 meT. OOpa6oTaHHbIe CeMeHa MpopalllMBaINCb B 
qaukax IlerpH, Momoyble pacTeHHA BbIpPallHBaIHCb B OpaHyKepee B TeveHHe 
'Mecsalla H B Havae HIOHA Mepecaxnyasucb Ha MoseBol yuacToK. 
y-7y4u B 2o3ax 1000 u 5000r yckopsiu npopactaHne CeMAH JIMUIb B TepBhle 
2 WHA mocue nocezpa (puc. 1). Honaunnaa c 3 cyToK mpopacTaHHe CeMAH B STHX 
C€pHAX OTCTABaJIO OT MpopacTaHHsAl B KOHTPOJIbHOH cepuHn. Bowee cHJIbHbIe WO3bi 
y ayueH (HauuHaa c 10000ru Bbmue) c caMoro Havala CHWKaIM SHEprHulo Mpo- 
_ pacTaHHA CeMAH, HM TOJIbKO K KOHUY MpopaliMBaHHA OOWee YHCIO MpoOpocuinx. 
_ C€MAH BO BCeX OMbITHbIX C€PHAX CPaBHAJIOCb C YHCJIOM MIPOpOCclIHX B KOHTpoue, 
Cemena, O6pa6oTaHHble peHTTeHOBCKMMH JIy4aMH B TeX Ke M03ax, OONAPyrKu- 
 BaIM BO BCeX CJIyYaAX CHW KeHHe Kak SHEP NpopacTanusA, TaK M MpowWeura 
> BCXOMKECTH CEMAH, YCHJIMBaBIeecH C MOBBIWeHHeEM O3bI (pe. 2). 
} PacteHua, MouyueHHble H3 CeMAH, OOJIYYeHHbIX PCHTTEHOBCKHMH H_ Y-Jy- 
“4aMH, COXpaHAJIM BbICOKyIO BbIxKHBaeMOCTb. SaMeTHOe CHHMKeHHE IIpOWeHTa 
BbPKHBIIMX PaCTeHHH HaGMOMaNOCb TOMbKO NocIe OOpa6oTKH CeMHH O3aMH B 
150000 r u Benue. Tipu stom peHTreHOBCKue JIYUH BbISbIBAIH Oosee CHJIbHOe CHU- 
|" K€HME BLDKHBaeMOCTH, 4eM Y-Jyun. PacreHua U3 CeMAH, OOJIYYCHHBIX 2030 PeHT- 
reHOBCKHX syyel B15 000 r u y-ayyet B 20000Tr, HecMoTps Ha CpaBHHredb- 
HO BBICOKYIO HX BbIKHBaeMOCTb, OTCTABaJIH B pa3BHTHH OT KOHTPOJIbHbIx 
pacTeHuii MOUTH Ha MeCAIL MU K KOHILY BereTalHOHHOrO NepHosa He Jas 3peJibix 
HOZOB. OueBu HO, 3TH AO3bI AVIA BOSAYLWIHO-CyYXHX C€MAH TOMATOB ABJIAIOTCH 
_KPHTH¥eCKUMH. | 
— QO6pa6orka cemAH TOMaTOB TellJIOBLIMH HelitpoHamu (oT 1-10° yo 4 -10?° 
Ha | cM”) He OTpa3HJlacb Ha 9HEPrHu MpopacTaHHA HW BCXO*KECCTH gan H B O4CHE 


* JIna o6pa6orkn TenvOBbIMH HeiiTpOHaMH CeMeHa TIOMeLLaIHCb B BbIXOLHOH KOJIOHKe aTOM- 
TO peakTOpa, B KOTOPOH HelHTPOHHI DeucTBoBaH B CMe€CH C TeM HH HHBIM KOJIHYCCTBOM 
Y-H3NyYeHHA. 


14* 2141 


He3HAUHTeIbHOM CTeIeHH CHH3HuIa, 110 CpaBHeHMIO C KOHTPOJIeM, BbIxKHBaCMOCTb 
pacteauii (ua 6—10%). Bomee 3Ha4HTebHOe CHWKEH He BCXO*KECTH (HA 13—21%) 
u, oco6eHHO, BbIKHBaeMOCTH pacTeHHit (Ha 27—42%) BbIsBaNH O3bI 4-108 
u 4-10!2 wa 1 cm?. Jlo3a 4-101? wa 1 cm?, no-BHAMMOMy, ABMIAeTCH JIA BOS- 
RYWIHO-cyXUX CeMAH TOMATOB KPHTH4eCKOH. 


th jooor  Konmpors 
et RTT a 


eS ee i a ail J 
40 48 56 64 72 96 vac 120 64 72 96 yac 120 
Bpena nocne noceba “. Bpema noche noceéa 
Puc. 4 Puc. 2 


UyBcTBUTeMbHOCTb TOMATOB K HOHHSHPylOlleH palWallM 3Ha4HTeIbHO Bapb- 
upoBasla B 3aBMcMMocTH oT copta. Hanpumep, pacrenua copta LltamOospii 
KAPJIMKOBbIM H3 CEMAH, OOY4eCHHBIX ZO30H 4 -10'° renmoBbIx HeliTpoHos Ha | cM?, 
Ha MpOTAKeHHM BCero BereTalMOHHOrO MepHosa OOHapyXKuUBaN Ooee CHbHOe 
yrHeTeHHe, 4eM pacTeHua copta Bu30H 43 CeMAH, OOpaOoTaHHbIX TOH Ke 030i. 

PacTeHunA,  MOMyYeHHbIe HeNOcpeyCTBeHHO 3 OOpaOOTaHHBIX CeMAH 
(l-e mokoeHHe), OOHAPYKUBAIH MHOFOYHCJICHHbIe H3MCHeCHHA TaKHX MpH3Ha- 
KOB, KaK OKpaCKa BereTHPylOUlMX pacTeHHH, pocT UX, PopMa KycTa, dopMa 
JMCTbeB H MIONOB UM Jp. 


KonTp. i000 r 5000 r 10000 r 15000 r 20000 r 25000 r 
Yvcao H3MeHeHHBIX pacTeHHl, % 1,9 Died ite Glas ahi 474 1,9 1,3 


BObUIMHCTBO M3MCHEHHBIX pacTeHuh l|-ro MOKOJIeCHHA UMeH XHMepHoe 
cTpoeHne. 

Bpl3BaHHble OOTYYCHHeM MYTALLHW YIUTHIBAIMCb BO 2-M NOKOJICHHH pacTeHHy, 
HacuuTbIBaBileM 2416 cemelt (40 120 ocoGelt). Kaxxaaa ceMbaA mpeycTaBana mMo- 
TOMCTBO OTJebHOrO Moga. B 401 cembe 9TOFTO NOKOMeCHHA pacTeHHH BEIABJIEHO 
2430 MyTaHToB, oTHOcMBUIMxca K 119 pa3mM4HbIM THNaM H3MeHeHHH. J[aHHble 
O "acTOTe MYTAWHH, BbIZBaHHbIX Pa3HbIMH JO3aMM OOMYYeCHHA, MpHBeeHE B 
Tad. 1, 43 KOTOpOH BUQHO, UTO HanOouIbIllee KOJIMYeCTBO MYTAHTHBIX pacTeHHli 
(10,05—10,50%) Bbr3Bano yo3amu y-ryuel B 15 000 u 20000 r, a auncao cemeli, 
OOHapyXUBUIAX MYTalMU MpW STHX Ke Mo3ax, AocTurano 25,2—42,9%. 

DPPekTHBHOCTh MCMbITAHHEIX JO3 TeMMOBLIX HeiiTpoHoB (1 -10®—4-10!°) 
MO YacTOTe BbI3BaHHbIX MYyTAalMH COOTBeTCTBYyeT SPeKTHBHOCTH Y-H3J1y4eHHA 
B 703ax oT 1000 yo 10 000 r. 

Jlia cenekuuoHHOl MpakTHKH CyleCTBeHHOe 3HaYeHHe HMeeT KayecTBeHHOe 
pa3HooOpa3uve HM COOTHOWeHHe pasHbIX THNOB MyTAalMii, MomyyaeMbIxX pa3HbIM¥ 
cnoco6amu. 113 119 nomyyeHHbtx Hamu THOB MyTallnii 29,4% sBasioTcA @opMaMu 
C TEMH HIM HHbIMH XO3AHCTBCHHO-WCHHBIMM MpH3HaKaMH (MOBbIWIeHHaA TMpOLyK- 
THBHOCTb, Oowlee paHHee co3peBaHHe, YBEIHYeHHbIe pasMepbl HW yJyUeHHaA 
22 ) 


Pao ww oa 4 


Uactrora MyTaunli Bo 2-M NoKoJeHMM pacTeHHil B 3aBHCHMOCTH OT JO3bI H3yUeHuA 


Yucao ucnbiray- Uucao0 H3MeHeH- Yucno ucnpi- Yucao u3Me- 
HbIX HbIX, % TaHHbIX HeEHHbIX, % 
_ Bux usayue- Bug usmnyue- 
HHA HW Rosa HHA H Wo03a 
: cemel | pacrenuii | cemeli | pacrenuii cemelt See cemeli sade 
_ Koxtpomb 152 2584 m6 bes KouTpoub 79: PASISPT S84, 073 
- Y-y dH Tenaospie 
1000 r 424 7028 Wd th Gee HeEHTPOHBI 
5000 r 478 SOM. 5 19).25 le 1-109 215 | 3682 | 18,1 | 3,8 . 
10000 r 297 4334 | 18,3 Ste: 4-109 199 | 3291 | 14,6 | 4,1 
15000 r 208 4226 | 25,2 10,05 1.1010 183 | 3081) 12,671) 258 
20000 r 14 238 | 42,9 10,50 4-101 157.9] 2329) 200299 754 


@opMa I0J0B, COMKHyTas (bopMa KycTa, OoJlee KOMMaKTHOe pacnoslo*KeHnHe MVIO- 
OB Ha pacTeHHH u Jp.). UacTb BbIABJIeHHBIX MyTalMi (48%) He oTrmmuanacbh 
- KaKHMH-1M60 WeHHbIMM JIA MpOWsBOscTBa KayecTBaMH, HO. He OOHapyKUBawa 
_ WM KayeCTB, KOTOpbIe BPeAHO OTPaxKaJINCb Obl Ha 2%KU3HEMCATEMbHOCTH pacTeHHA. 
He uckmoyeHo, 4TO OTeIbHbIe POPMbI M3 STO PpPYMMbI MOFyT B JabHelMIeM 
OOHapyXUTb ellie MpakTHYeCKy!O IWeHHOCTb B KaKOM-MO0 OTHOWeHHU. ABHO 
_ OTPHULAaTebHbIe (OPM! (KaPpJHKOBOCTh, ecspopMalluA WIM YMeHBbUIeHHe OTeb- 
_ HEIX OpraHoB, Gecnoque u T. 1.) cocTaBaAmH OKONO 22% or o6mero uucna 
_ THMOB H3MeHeHHi. 

; JA ceeKUMM HMeeT TAaKXKE 3HAYeEHHE TO, KAK M€HAeTCH CHEKTP MyTaluii B 
_ 3ABMCHMOCTH OT BHJa H WO3bI H3yuYeHuA. B muTepaType MMeeTCA pA yKasanuit 
| Ha HEKOTOpHle KavecTBeHHbIe OCOGEHHOCTH MyTAILMOHHOM H3MeHYHBOCTH pacTeHUh, 
BbI3BaHHOH pa3sHbIMH BuaM u3nyyueHna (*°-'S), M3 119 TunoB Mytauul, nomyyen- 
HbIX B HallieM onbite, 109 TunoB OOHapy2xeHbI MOCcIe BOSeHCTBHA Ha CeMeHa 
 y-a1y4amu u 28 — nocse BO3zeHCTBUA TeMIOBbIMH HeHTpoHamu. B sto nocaex- 
Heli rpynne 18 THNOB NOBTOPAM H3MeCHCHHA, BOSHHKABLINe H MOCe BO3TeHCTBUA 
Y-JIy4aMH, a ocTasbuble 10 aBAJIMCb Kak Obl CeWMPHYeCKUM Pe3YJbTATOM BUHA- 
HHA TemJIOBLIX HeliTpoHoB. B nepBol xe pyle MyTalHi, T. €. BbI3BaHHbIX 
_y-o6s1y4ueHveM, Te H3 HUX, KOTOpble He HaGJIOaIHCb B CeEpHAX OMNbITa Cc BO3sTeH- 
' CTBHeM TeMJIOBLIMH HeliTpoHaMnH, cocTaBatH 83,5% oT oO<mlero YMCA HX B rpyn- 
me. UTo KacaeTcd KayecTBa: MYTAILMM, BbI3BaHHbIX, C OMHOH CTOPOHEI, Y-o6uly- 
YeHHeM, a C Apyrol — TemmOBbIMU HeliTpoHaMH, TO cpequM NepBblx 29,1% Mmy- 
'Talui XapakTepH30BaJIMCb HaJIMYHeM TeX HIM MHbIX NOJe3HbIX IPpH3HaKOB, 
23,6% ABIIAIUCh OTPHIATeIbHbIMM H3MeCHCHHAMH, TOra KaK Cpe BTOPbIX 9TH 
KaueCTBeHHbIe KaTeropuHu cocTaBAH, cooTBeTcTBeHHO, 21,4 u 17,9%. IIpu 
| 9TOM CleyeT 3aMeTHTh, YTO MYTALLHH C MOJO*KUTCIbHBIMH IpW3HaKaMH, BbISBAaH- 
 HBIC TeMIOBbIMH HelTPpOHaMH, He ABJIAMCb ClelMpuyeCKHMU — BCe OHH MOBTO- 
PAJIM W3MCHeHHA, BOSHUKAaBUIHe TakxKe Moce y-oOulyseHua. B namux OMbITAX 
| Ha6MO auch TaKxKe KOJIMYECTBEHHbIe H KavYeCTBEHHbIe€ OTHYHA MYyTallHi, BBI- 
) 3BaHHbIX pasHbIMu fo3aMu oO1yueHH.Hanpumep, 40,9% Bcex TunoB MyTalHi, 
_ BbISBAHHBIX Yy-OOJy4YeHHeM, UpuxomuTcA Ha Zo3y 5000 r; saTem no yOprnatomel 
' obdekTuBHocTH cmeqoBaiu no3bI 1000; 15 000; 10 000 u 20 000 r. B Taxom xe 
“mopsyke yOnipana o6ulad wacToTa MyTAaHTHBIX ocobeli (35; 24,6; 23,6; 15,5 
wu 1,3%) B cepusax, oOpaGoTaHHEIx 9THMH Jo3aMu.I]o KomMYeCTBY BbISBAHHDIX 
_ MYTAILWH C MOJe3HbIMH IIpH3HaKaMH TlepBoe MecTO (41,4%) 3aHana gosa 1000 r, 
a mocmemuee (2,4%) no3a 20000 r. Jlo3nr 5000; 10 000 un 15 000 r nanu Taxux 
_MyTallui, coorsercTsenno, 31,7; 7,3 u Lido. 

, Hekoropbie THMbI MyTallHii MOABHJIMCb BO BCX MJIM HECKOJIbKUX CepHsAX 
Onbira, [pyre Ke TOMbKO B Kakoli-1M60 omnoit. TloceqHAA KaTeropud MyTalnit 
_ Opiia HawOomee MHorouncaeHHor (no 18,1%) B cepHaAx, OOpaOoTaHHbIx 203aMu 
1000 u 15000 r; 8 cepusax, nowyuuBuinx 5000; 10 000 u 20 000 r, ux Oni0, co- 
JorsetcTBeHHo, 14,6; 10,9 u 1,8%. 


15 JAB, 1. 138) | 1 
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Takum o6pa30M, OCHOBHbI€ pe3yMbTATbI, MOJyYeHHbIe HAMM Ha TOMATAaX, 
MOXKHO pe3IOMHpOBaTh CJlexyiouluM OOpasom. UacTota MyTalMli, B pesyJbTaTe 
JeHCTBUA Ha CyXHe ceMeHa Y-OOYYeHHeM HM TeIWIOBbIMH HeEHTPOHAaMH, MOBBIMNA- 
mach B 10—15 pa3 mpoTHB clOHTaHHOH. 

BowbulHHcTBO MyTalHit (cBbIue 70%), BbISBAHHBIX STM IyTeM, OTHOCHJMCb 
K OMOJOrHyeCKH NOMHOMCHHEIM (POpMaM, B TOM duce OKOO 30% ux oO6NaqanM 
IIpH3HaKaMH, MOTYLHMH MIpefCTaBATb MHTepec [IA CeseKIMOHEPOB. 

Han6ombitee MOBbIMeHHe YaCTOTbI MYyTalHi y TOMATOB MoJlyyeHoO IIpH 
BO3IelHCTBUH Ha ceMeHa josamu y-yyelH 15000 u 20000r. Han6onpmiee Kayect- 
BeHHOe pasHooOpa3sHe MYTALMH HM OTHOCHTeIbHO OoOsIbIIee YHCO HX C MpaKTH- 
yeCKH IeHHbIMM IIpH3HakaMH MOJlyYeHO pH BO3eHCTBHH CpaBHUTeJIbHO He- 
6ombuumMu gosamu (1000—5000 r) y-myyel, Torqa Kak Oouee CHIbHbIe JO3bI 
(10000;15 000 u, oco6eHHo, 20 000 r) oKa3amucb B STOM OTHOLMIEHHH MeHee 93¢p- 
(peKTHBHBIMH. ; 

OrmeyeHbI KOJIM4ECTBEHHbIe HW KAYeCTBEHHbIe pa3JIM4HA MyTareHHbIX SppeKTOB 
Y-H3JIYYeHHA MW TeMJIOBbIX HeHTpOHOB. McnpiraHHble JO3bI TeMIOBbIX HeHTPOHOB 
(qo 4-10'° na | cm?) BbI3sbIBaIH Y TOMATOB 4YaCcTOTY MyTallHH, KOTOpasA COOTBeT- 
CTBOBaJla YaCTOTe HX, BbI3bIBaBUIeHcA o3amu y-syyeH fo 10000 r. OnHako 
ylelicTBHeM 9THX 03 Y-yyeli MouyyeH GOoee WIHpOKHit cneKTp MyTallHii m0 | 
cCpaBHeHHio Cc JeHCTBHeM TeIJIOBLIMH HeHTPpOHaMH. 


WMuctTuTyT WHTOJOrHH H TeHeTHKH Tloctynno 
Cu6upeKoro oTgzesenua AkanemHH HaykK CCCP 14 VII 1960 
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Hoxaagn Akagqemuu nayr CCCP 
1961. Tom 138, Ne 1 


DEDERAIGA 


B. B. XBOCTOBA u [. JI. NPABEXHAKOBA 


M3Y4EHHE MEMO3A Y KOHCTAHTHbIX 56-XPOMOCOMHBIX 
NPOMEXKYTOUHBIX SOPM NLWEHW4YHO-NbIPEMHbIX THBPHAOB 


(IT pedcmaeaneno, axademuxom H. B. Luyurem 17 X 1960) 


B mpowecce rHOpuyu3alHu MATKUX Menu c mpIpeem (A. glaucum) H. B. Un- 
IMHBIM C COTP. MOJyYeHbI LWeHHbIe (opMbI mmeHuL ('). HexoToppie copta paHoHu- 
_ POBaHb! M SAHHMAIOT THICAUM TeKTApOB (WIL 599, 1, 186). Stu ruOpuab nuMenn4- 
Horo Tula uMeroT 42 xpomocombl. Cyf N10 reHeTHYeCKHM JlaHHbIM, Y ITHX COPTOB: 


) OTTEJIbBHbIe XPOMOCOMBI IIMICHUIUbI WIM UX Y4YaACTKH 3AMeCHEHBI IeJIbIMH XPOMOCO- 


MaMH WIM y¥acTKaMH XpOMocoM Mibipesx. Kpome (opm nmuleHH4uHOrO THMa cpeli 
THOpHJOB NOABAAIOTCA TaK%Ke KOHCTAHTHHIe 56-xpOMOCOMHbIe (pPOpMbI MpoMexy- 
TOYHOFO THMa, OTHOCALIHECA K «JONOJIHCHHBIM» rHOpuyaM, T.e. cosep2Kallive, M0- 
BHJMMOMY, 49 XPOMOCOMBI NleHHUbI H 14 xpomocom MbIpeA HW MpeACTaBJI AIO He: 
coool HemouHble am(PUAMIION II. 

Hamu w3yyasica Melio3 y MOJLy 4eHHBIX [. JI. Jlanyenko 12 pasm4Hpix 56- 
XPOMOCOMHEIX MMICHHYHO-IbIPeHHbIX THOPHAOB, KOHCTAHTHBIX MO 4YuCyY XPOMO- 


>com. PvOpuapt F; Opin nomyyerbl OT CKpellHBaHHA O3HMOM NMWIeCHHUbI C HbIpeeM 


CH3bIM; 3aTeEM FHOpPHAbI B TeYeCHHe HECKOJIbKUX NOKOJICHHH ObIN MpeNOCTaBJIeHEI 
- CAMOOMIBIJICHHIO H MepeKpeCTHOMY ONIbIJICHHIO MexK Ay Co6oH. ITu opmpl 3HMOCTOH- 
Ke, C BBICOKHM CoyepxKaHHem OeKa (Gombe yactbio 19—25%; HekoToppie 


‘ umeroT 13—14%, T. e. cTOMbKO Ke, Kak u Jyulve OObIYHbIe MMIeHHIIbI). OnHakKo 
| ypoxalHocTb y HHX HefOCTAaTOUHO BbICOKAas. 


a 
' 


Ilenbio HactosuleH pa6oTbI ObIIo ucceqOBaHHe MeHO3a JIA BbIACHeHHA 
| IpHuHH NOHWKeHHOH MIOJOBHTOCTH y 3THX THOpHoB. 

@MukcalluA MbIIbHAKOB MPOUSBOMHACh JeTOM 1959 r. B Hemunnoske Ha N0- 
aax Vuctutyta cembckoro xo3slictBa LlentpasibHbix palOHOB HeyepHOSeMHOli 
nomocht. MatepuHaa o6bmHO OpaiH paHO yTpoM, Kora MHT€HCHBHO HeT Melio3. 
~—(B MacMyPpHY!0 NpoxAagHyt0 Morojly MeHo3 IIpoTeKaeT Takxe Hem). Psajom uc- 
| cleqOBaTeJeH,B YaCTHOCTH B.®. Jlto6umoson (7), u3yuaBlIeH MeHO3 y MIMeHHI{bI 
~ MuoromerHas-2 u ee rHOpuHOB, MOKa3aHO, YTO MIpH BbICOKOM TemMepatype u 


: CyYXOCTH BO3yxXa 4acTOTa HapylleHHl B Meliose y rHOpHAHBIX (OPM 3HauNTeIb- 
HO BBIIMe; BIMAHHe STUX (PAKTOPOB Ha MeHO3 y YHCTHIX COPTOB MIWeHHUbI H y MbI- 


pes He oOHapyxKeHo. Y OOJIbIIMHCTBA NIpOaHaJIM3UpOBaHHBbIX HaMH JIMHHH MbIIbHH- 
KH ObIJIM 3aPHKCHPOBAHEI BMpOXMaRHyIO, NOARWIMBy!O NoOrojy. Mut dukcupoBpaau 
KovIOChA B CMeCH CIIMpTa JleqaHOH yKcycHol KucsoTE (3: 1); 4epes 6—8 
-yac. HX NepeHocusu B 70° cnupT, rye Xpannan JO anamu3sa. Uccneqopanua mpo- 
“Bogus Ha alleTOKapMHHOBbIX penapaTax. BDpiia mocTaBeHa Web — B nep- 
“Bylo o4epeyb OMpeleMHTb MPOUCHT HeHOPMAJIbHBIX TeTpay y PasHbIX JHHHI. 
‘(Jina cpaBHeHua Melio3 uccleqoBanM Tak2Ke y NMIeHHUbI CopTa Y JibAHOBKa. 
B kaxjol muHun Obimo0 u3yyeHo 5—15 KoNOCKOB, B3ATHIX 13 5—6 KoNOCbeB C 
pasHbIx pacrenuit, no 60—70 terpay B koslocKe. HenopMaJIbHbIMH CUMTAIH TeTpaybt 
€ MHKpospamu wu oOpa3soBaHua, cocTosujue us 5—10 kmeToK (monnagpt) 
(puc. la, 6). 

Pesyibrarbt aHalu3a MIpuBeseHb! B Tab. 1. HenopMasbuble TeTpaybl O6Hapy- 
KeHbI uy HerMOpumHO muenuubt Yapanosku (5,3-+0,98%). Pasnpie HUI 
THOPHOB, NoyyeHHBIe OT OFHOM u TOM xe THOpHAHOM KOMOMHaLMK (HHAA — 
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Ilpouent HeHOpMasbHBIX TeTpay 


Ta6muna 1 


Yucno npo- | yyeno npo- | U#C10 TeTpag lyycno nen-|Uucno rex-| Ipouent napywien- 
Ne muuun |cMoTp. KosCc- |oyorp, terpag | © HaPYH. aZ- Tan can HBIX TeTpan 
KOB pom 
Y IbAHOB- 
Ka 9 526 68 3 2; | 50,30, 98 
F, [M-2 X Fe {{((MBI'-25 x Agr. glauc.) X m] X 4c}] X c X 5n 
846 AS 637 91 o 7 14,341 ,44 
863 8 400 Daal 14 1 62,742,42 
864 11 612 68 19 oe Ae lee 2h 
865 15 6504 60 13 — Oeste} 
867 10 406 284 27 7 69, 942,63 
Fg [Fs {((MBI-25 x Agr. glauc.) X nm] X 3c} X M-2 x c] X 4 
874 11 614 109 13 4 Wig Heil BF 
876 10 621 300 29 2 06,441 ,98 
878 41 923 81 3 2) 17,4466 
F7 [Fe {[(MBI-25 x Agr, glauc.) x nm] X 4c} X M-2] X c X Sn i 
879 10 D00 115 By rh PAV afm 47) 
885 5; 334 PAT 14 — 65, 6:42 ,67 
886 11 Sayles 142 26 — Pah Ween oh 
889 11 624 149 13 2} Dor, Jaen 


Tipumeuaunue. M-2 —MuorovieTHAA NMeHHMa (KOHCTAHTHBIM MpoMexyTOUHDI ruOpugz); MBI — 
MusbtypyM, BesexuyKckuli ra6pug; 4m — nepekpecTHoe ombluieHue B TeyeHue 4noKOmeHUuH; 3c — caMmo- 
ONbINIGHHE B TeYeHHe 3 NOKOMEHUH. 


(IOTOMCTBO OJHOFO pacTeHHA), CHJIbHO pa3s/IMYAaIMCb MO MpOWeHTy HEHOPMAJIbHBIX | 
TeTpaq. Cpequ NATH JMHMH, MOJIyYeHHbIX OT MepBOH KOMOMHALHH, ObIO OOHa- | 


PyXKeHO [Be — C OOMbIIMM MpOMeHTOM HEHOPMAaJIbHEIX TeTpay (62,7 u 69,9%) 
i TPH JIMHHM C HEBbICOKUM MpoleHtom (9—14%). JImHuu c BbICOKHM H Oosee HU3- 


KHM IIpOWeHTOM HapyUIeCHHbIX TeTpag HalieHbl TAKE B MOTOMCTBE ABYX Apyrux | 


rHOpuqHbIX KOMOHHaMH (cM. Tas. 1). 


Ha ocHosBe MOJIYYeHHBIX JaHHbIX HAMM ObLI CesaH BbIBO, YTO BBHAY HeOL- | 


HOPOJHOCTH MaTepHaJia oToop Ha NOBbIMeHHE MJIOTOBUTOCTH MOMET JaTb Pe3yJib- 
TaTbl. 


Ilpu u3y¥eHHM pa3JIMUHbIX CTamul Melio3a oT MeTacpasbl | (M;) Jo anacasnr I] | 


MbI YCTaHOBMJIH, TO Gombe BCero HapyleHui HaOmMoaeTcA B anatase II (Aq). | 


B My BCTpedaroTcAr OuBaJIeCHTHI, OTCTABINHe WIM HadaBIine yee PaCXOUTb- | 


CA B TOT MOMeHT, KOra OCHOBHaA Macca XpOMOCOM OOpa3yeT SKBATOPHaJIbHY!O | 


mulacTHHky (mHHua Ne 889 u ap.). U3peqka B My; MbI OTMe4aJIM HalM4uNe yHUBa- | 
JICHTOB H MYJIbTHBaeHTOB (NeNe 859, 889). OrMeyeHbI OTIeIbHbIe CyyaH He- | 


IpaBHJIbHOH OpHWeHTalHH BepeTeHa (MHOFOMOJIOCHbI€E MUTO3HI, Ba BepeTeHa 
B OJHOH KJI€TKe, pacnOJIO%KeHHble NepneHIMKyAPHO OHO K Apyromy). OmHako 
aHacasa | (Aj) OombuieH 4acTbIO HMeeT HOPMAJIbHBIM BHI, OTCTABLIMe XPOMO- 


COMBI HaOwi0faoTcA B Heli peqKo. HanpuMmep, B mHHuH Ne 889 cpenn 234 M, } 


HaOMIOaIUCh OTCTABLIMe (HE BCTABLIMe B IKBATOPHAJIbHY1IO WacTHHKy) OMBa- 


wenTht B 21,8%, a u3 72 A; muub B 2,8%. Hapymenua B Ay Ooslee MHOrOUHC- | 


JICHHDbI HM pasHooOpasHHl, YeM B Ay. Tak, B aHHMM Ne 885 cpemu 71 A; 6n1015,5% 
¢ OTCTABLIMMU XpoMocoMaMH, a 43 93 Ay; 61,3%. B HekoTOopbIxX JMHHAX (HaNpH- 
Mep, Ne 831) mpeoOaqaioT TpexMoMIOCHbIe MUTOS3bI, IPHBOAALIHe K BO3HHKHO- 


BeHHIO Mental (puc. 1 6), HHOryqa B OMHOH KMeTKe OOpa3yeTca Ba BepeTeHa. | 


B apyrux auHnax (NeNe 859, 889) o6pasoBaHHe NomMal, CBA3AHO TlaBHbIM 06- 
pa3s0M C OTCTaBaHHeM rpyllll XpoMocoM, KOTOpble cOO6MpaloTcA BMecTe H OOpa- 


3YIOT JONOMHATEIBHOe ATPO, OTMeJIAIOULEeCA TleperopoyKon. Orctapiune OTCJIb- | 


HbIe XPOMOCOMBI MH (pparMeHTbI (pa3sIHYHe MEKAy HHMH poBecTH TpyHO) 0OO- | 


pasyloT B TeTpaye MuKposiApa (puce. | a). UacTto HapymlaeTcA CHHXPOHHOCTb Jle- 


JIGHHA B KJleTKaX [Map (puc. | 2). B page cayyaeB Obl BUAHEI MOCTHI U dpar- | 


MeHTEI (puc. | 0). 
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Pic. 1. a —Terpaga ¢ Mukposapamu; 6 — rekcayqa; 6 — TpexmoJocHoe Jeenie B OHO H3 
WHETOK J[Habl; e—HapPyUIeHHe CHHXPOHHOCTH JeJIeCHHA KJIeTOK Habl, OTCTABAHHE XPOmMOCOM; 


0 — moct nt cpparmenT B A,,; ce — 28 GuBaenton B My, wHHna Ne 867 c CuJIbHO HapyWwieHHbIM 


MeHO30M 


ID 


JUAH, r. 138, Ne 1, Xsocrosa, NpapequuKkona 


Hy2kHO OTMeTHTb, 4TO y THOPHAHIX pacTenuli C HapylIeHHbIM Meii030M Ha- 
OmtofaeTcH BOOOMIE HapylieHHe CHHXPOHHOCTH MelioTHYeCKOrO JeJIeHHA: B O- 
HOM IIbWIbHUKe yylaeTcH HaliTH pasHbie crayuu oT My Oo roTOBbIX TeTpaq Hu 
nowMaq, TOra Kak B MbWIbHHKe MMeHHIbI OObIYHO BCe MaTepHHCKHe KseTKU 
IIbIJIbUbI HAXOJATCA Ha OMHOH cTaquN Mmelio3a. 

Hockombky uccleqoBanHbie Hamu 56-xpomMocomubie THOpHA ABIAIOTCA He- 
NOJHBIMM aMPHAMIWIOWaMH, Mbl HE O*KHLaIM OOHAapyKUTH y HUX Hapyulenust 
KOHbIOralHH XPOMOCOM HM OOpas0BaHHA yHMBasleHTOB. JlelicTBuTebHO, y BCex 
yeTbIPeX HCCICQOBaHHIX HAMM JIMHUM C OOJIbIIHM YHCJIOM HEHOPMAJIbHBIX TeTpay 
KOHbIOralHA Oblia HOpMaJbHOH: B My; MbI HacuHTEIBamH Mo 28 6uBaseHTOB 
(ric met. €). 

Y ofHoH u3 JMHHH C CHJIbHO HapylIeHHbIM MeHO30M OOHapy2KeHO 
pactipefesenve OMBaIeHTOB 110 BCeMy BepeTeHy, IIpH¥eM BepeTeHoO YacTO ObIIO 
MCKPHBJIEHHbIM. Take KapTunbl HaOmogan HM. I. Inotnuxos (°) y ru6puqnoi 
@opMbI TBepyZoOH mueHuubI 11/173 (Tr. durum v. candicans) u H. B. @aBopcKkuit 
y MUICHH4HO-NbIpeHHEIxX rHOpHA0B Fy. Oxw oTMeuamH, YTO MPH CHbHOM u3rHube 
BepeTeHa MeperoposKa He OOpa3syeTcaA HM NoMyyaloTcA ABYAepHbIe KJIETKU. 

Y p2KaHO-MWeHMYHbIX M MWeHMYHO-IbIpPeliHEIx rHOpuzoB Tayp(*) o6napyKH 
aHOMAJIMH MeHO3a, HaJIM4UHe KOTOPbIX OH CBA3bIBAe€T C OOPas30BaHHeEM XPOMOCOM- 


+ HBIX MepecTpoek, valle BOSHUKAIOWIUX y rHOpuyos. B nomb3y noyo6Hol MyTallHoH- 


HOH MpHposbl OOHAapyKeHHbIX HM HapylleHHH TOBOpAT culeLyIoulMe OOCTOATEMb- 
cTBa: 1) Oombiio0e KOMMYECTBO (parMeHToB, HaGsOMaeMoe B Mpodase; 2) S6oub- 
wee KOJIMYeCTBO MOCTOB B Ajj, 10 cpaBHeHuto c Aj. [losBmenue MocTos B A; MOxKHO 
OOBACHHUTb OJMHOUHEIM TlepeKpecToM B HHBepcuu. Jl1a TOTO YTOObI MOCT, BOSHUK- 
WMH B pe3ybTaTe Mepekpecta, BLIABHICA B Ajj, HYKHO JONycTHTb HamMuNe 2 
usu 3 XHa3M, 4YTO y THOpHAOB BcTpeyaeTcaA OUeHb pezKO. Ilostomy Tayab o6b- 
ACHAeCT HaJIH¥He MOCTOB B Aj; MOBBILIeCHHbIM YHCJIOM pa3pbIBOB H COe,MHeEHHeM 


 pas0pBaHHbIX XPpOMAaTHJ C WeEHTPOMepaMH, J\alOLLHMH JHWECHTPHYeCK IO XPOMOCOMY. 
TlossmenHve MocTOB HM (parMeHTOB B MHTO3€ Pp?KaHO-MWICHMYHEIX THOPHAOB Ha- 


y 


al 


Omoyzana I]noTHuKosa (°). 

OjHaKO He€HOpMaJIbHOCTH Melio3a, KOTOpbIe HaGIOLaIH MBI, efBa JIM CBA- 
3aHbI C MOBbIMIeCHHbIM MYTAILHOHHBIM IIpolleccoM, TaK Kak GOoJIbIleH 4YacTbIO OHH 
COCTOAT B OTCTABAHHH XpOMOCOM B TepHoy Ay, C HaJIMYHeEM TPeXMOJIIOCHBIX MHTO- 
30B M [pyrux HapylieHnii BepeTenHa. Co3qaeTcA BMeyaTeHHe, YTO B. OCHOBHOM 
HapylleHo oOpa30BaHHe BepeTeHa H B3AaHMOOTHOINCHHA XPOMOCOM C HUTAMH 
BepeTeHa. 

Hapymienua Meio3a mp mpaBHbHOH KOHbIOralHH XpoMocoM HaOuIOLaN 
VY. YT. Tinotuuxos (*) y ru6puqHbix capaToBcKHX CopToB nmlmeHuub! CappyOpa 
u Cappo3a, nomyyeHHbIX OT cKpemiMBaHua Tr. durum v. hordeiforme Host. x 
< Tr. vulgare v. lutescens Al., a TakxKe y pa UMCTHIX MHA, OJHAKO MpOleHT 
HapYIeHHbIX TeTpay, y HUX HeBeHK: y CappyOppi 2,4%, y 0432 1,5%. Hapyumie- 
HUA Melio3a 4 OOpa30BaHHe NomHay HaOsoZamn y MuoromerKn-2 H. B. Unnun u 
B. A. Togzny6nas-Apxompan (°). B ux pa6ote JaHHble O KOJIMYeCTBe HEHOpMaJIb- 
HbIX TeTpa He MpHBORATCH. | 

Hapyuienve y OTJebHbIX THOpHAOB MexaHH3Ma OOpasoBaHuA vu byHKWHH 
BepeTeHa OTMe¥eHO B psye ucculeqoBanni. B. P. 3anenckuli (") OOHapyxu y 
p2KaHO-MIMeHHYHBIX THOpUAOB MepBOro, a TaK2xKe H OONee NO3AHUX NOKOeHHH pas- 


' 6pocaHHoOcTh XpoMocom Mo BepeTeHy. OH BbICKa3aJI IIpeANOMOKeHHe, YTO HTH Be- 
 peTeHa, OOpa3yr0lllHeca H3 IMTOMMA3MbI MMeHHILbI, He IPpUKpelIAIOTCH K XpOMO- 


-comam pxku. H. H. Coxouos (®) na6mofas CXOJHbIC ABJICHHA B MHTO3E Y M@XKBUJO- 


 BEIX FTHOpHAOB AposodbusH. OnHako B MocwesyIOUMX MOKOMeHUAX TrHOpHAHOe 


Apo «MepesebIBaeT» WHTOMMIA3My. 
Bo3sMoKHO TakxKe, YTO HapyllieHHA BepeTeHa OODACHAIOTCA BJIMAHHeM He- 

cOaslaHcupoBaHHoro reHoTuma. M3BecTHO, 4TO OTJEJIbHbIe XPOMOCOMbI OKaabl- 

BalOT CHJIbHOe BJIMAHHe Ha Mporecc Melosa, axe Ha CaMbIii Npolecc KONbIOra- 

“uu (°). 

. YT. A. Jleputcxui u IT. K. Beneukaa (1°) Ha6mofanu HapyuleHve KOHbIOra- 

“wm Y p2KaHO-MWMeHMYHEIX aMPUHAMMMONZOB, Fe XPOMOCOMBI 3aBeZOMO FroMOVIO- 
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THUHEI. OHH OOBACHAIOT 9TO ABJICHHE B3AHMOeHCTBHEM JBYX HeCOlIaCOBaHHbIXx 
HaOOPOB XpOMOCOM, IIPpHHalMexKAalMX pasHbIM pOkaM, WIM BAMAHMeEM YyKOH 
Tla3MbI Ha XpPOMOCOMBI. 

Viutepecuple anuple nomyuenbt E. M. Wenenesoi (“) mp anasuse Meliosa 
y ruOpuyjos F, Marko muenumpt (n = 21) c Agr. elongatum (n = 35), o6sa- 
Walolulux pa3s1HIHOl MIOOBUTOCTHIO. Y HUX HaOOMaeTCA MpUMepHO OAMHAKOBOEe 
KONMYecTBO YHHUBaseHToB B M; u oqHOTHMHOe MpoTeKaHue Ay. Ho B Ay y tW0- 
JOBUTbIX THOPHAOB XPOMOCOMbI pacxOMATCA ApyXHO, a y OecnMOMHEIX HaOwIO- 
jlaeTCad WX MaCCOBOe OTCTaBaHHe, MpHBOAAMee K HapylWeHHAM OOpasoBaHHA 
TeTpa H WereHepalluu MbWIbIbI. ABTOP NeaeT BbIBOL, YTO CTEMeHb IOLOBHTO- 
CTH 3AaBHCHT B JaHHOM CJly4ae He OT OOJIbIerO HIM MCHbIUeTO CpOCTBa KOHBIOrH- 
PY!OILUX XPOMOCOM, a CKOpee OT pasM4MH B OT/eJbHbIX yYaCTKaX XPOMOCOM, 
IIpAMO HJIM KOCBEHHO OMpe se AIOMUX TeveHHe Meliosa. CxOAHOe MHEHHE BBICKa3bI- 
paet H.IJ. Apgyaos ('”), ycTaHOBHBLIHM HasIM4uHe HECHHXPOHHOCTH IIpoTeKaHHA 
XPOMOCOMHOYPO I[MKJIa B Melio3e y MMCHHUHBIX H MIbIpeHHbIX XPOMOCOM B IIBIJIbHH- 
KaX IMeCHHUHO-TbIPeHHBIX FHOpHAOB. OH C4MTAeT, YTO eC pasHUNA B TeMIe 
jle@sIeHHA XPOMOCOM OYEHb BEHKH, TO OHH HaOwOMalOTCA yxKe pu OOpasoBaHHu 
MaTePMHCKHX KJe€TOK MbIVIbIbI, a CCH OHH Cabee, TO OOHAPyKUBAIOTCA TOJIbKO 
BO BTOPOM eseHHH MeHo3a, KOrfa TeHOTHNMYeCKMe OCOOeHHOCTH KaxK oro 
HaOopa XpoMOcoM MoryT JIerue MIpOABHTbCA OarofqapaA pedyKUAH. 

B ucceqOBaHHOM HaMu MaTepHase HapylleHa CHHXPOHHOCTb MeHO3a B IIbIIb- 
HHKe BoOOMe H B OCOOeHHOCTH B KsIeTKaX AManEl. Hanuune Oombiuiero mpouenta 
HapyleHuit B Ay; rOBOpUT, MO HalleMy MHEHHIO, B MOJb3y BIMAHHA OTCbHEIX 
HACJIECTBCHHDIX (PAKTOPOB HecOaaHCHpoBaHHOrO reHoTHNa rHOpHyza Ha OOpa- 
30BaHHe H (byHKILHIO BepeTeHa. 

ABTOpbI BbIpakaloT OarogapHoctb MW. JI. PomManopy 3a WeHHbIe COBETHI. 


VWuctutyt OuvotornyecKoH (v3HKH Tloctynuso 
Axkajemuu Hayk CCCP 14 X 1960 


VncrutTyT WHTOOrHH H reHeTHKH 
Cu6upeKkoro orgenenua AKkazemHH Hayk CCCP 
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MHKPOBHOJOLHA 


JI. A. LWEKOSH 


K BOTIPOCY O HOCHTEJIBCTBE WHTOMATOPEHHbIX 
KMUWIEGHbIX BHPYCOB Y 3/OPOBbIX JIETEM 


(ITpedcmaenaeno axademuxom B. H. Yeprueoeckum 28 X 1960) 


B HacTosljee BpeMA YCTAHOBJIeHO CYIIeCTBOBaHHe GOOJIbIOrO CceMelcTBa 
TaK HA3bIBAeMBIX SHTEPOBHPYCOB (KHUICUHLIX BUPycoB), peryJApHO OOGHApy2xKH- 
BaeMbIX B KHINeCYHHKe YeIOBeKa, CpeH KOTOPbIX H3BeCTHO 3 THIIa BUPyCcoB M0- 
JIMoMHenuTa, 30 THNoB BupycoB Kokcaku u 26 TunoB ECHO-sBupycos. Muorue 
43 BUpycosB rpynnbi Kokcaku u ECHO eure He u3BeCTHEI B KavecTBe BO3OyANTeeH 
3a00leBaHHH HM 4acTO OOHAPYXKUBAIOTCA Y 3JOPOBbIX JOTeH. 

M3yuenve SHeMHUeCKHX KHIMCUHLIX HHPeCKUMH NOWyYHO WHpOKHH pa3smMax 
B TOCdeqHee JeCATHIeTHeE B CBA3H C BBeJICEHHeM B IIpaKTHKY BUpPycoJIOrM4yeckHx 
MCCJIe€qOBAaHHH MeTOMa KYJIbTypbl TKaHH 3 MoueK OOe3baAH. Bwaarofapa 
STOMY Ob MpoBeeHbl (2~*) WIHTebHbIe OOCIEIOBaHHA OOJIbUIMX KOHTHHTeH- 
TOB 30POBBIX JIOMeli, MpOKUBAaIOIMX B pa3/IMYHbIX CaHHTapHBIX ycCJo- 
BUAX. 

OTH UMCCIeETOBAaHHA MOKa3ZaN WUpoKky!oO WHCCeMHHAMIO KHIMeCYHBIX BUPyCoB 
Cpe 300poOBbIX KOHTHHTeHTOB. Belo ycTaHOBJIeHO, 4YTO HX pacipocTpaHeHUto 
cnoco6cTByeT CKYYeCHHOCTb HaCeJICHHA, JWIMTeCJIbHOCTb OOUICHHA B CeMbAX, 
a TaKxKe MpocoHuKH HeEMMMYHHBIX JIM. OTHM OOCTOATebCTBOM H OObACHAIOT 
aBTOPbI WIMpOKy!I0 CMeHY THIMOB KHIMeYHbIX BUPYCOB B pa3JIMUHbIe MepHoyb 06- 
Ce€OBaHHYA WM HavOOJIbINyIO MHDUUMPOBaHHOCTb Cpe JeTCKOrO HaceseHHA. 

Bompoc 0 HOCHTeIbCTBe 9HTEPOBHPYCOB Y S3OPOBbIX AeTeH B HallleH cTpane 
elle He HOmBeprasicA cnelMasIbHOMy HM3y4eHHIO. 

BnepBbie HaMu Obia MpeAIPUMHATA MOMbITKA WIMTeIbHOrO U3Y4eHHA YaCTOTHI 
HOCHTeJIBCTBA KHINeCYHbIX BHPYCOB CpeqH WeTeH, paSMeleHHIX B JeTCKMX yupex- 
meuuax r. Mockspl. 

Ha mporaxenuu 16 mec. 1957—1958 rr. npoBoyMocb TpexkpaTHoe OOcu1efo- 
BaHue 304 3nopoBbix eTeli, B Bo3pacTe oT 6 mec. yo 8 JIeT, PpasMeIeHHBIX B 
IMATH J@TCKHX KOJIJIEKTHBAX, KOTOPbIe OTMMUAIHCb KaK MO CBoeH OOMLeH CTpyK- 
Type, TaK WH MO HeKOTOPbIM 9IIMJeMHONOrH4YeCKHM XapakTepucTukam. I]poOni 
Kala ObWIM B3ATH paHHeli BecHol (MapT — amped), oceHbIo (cenTAOpb — oK- 
TaOpb) 1957 r. u B KOHWe BeCHbI — Hayase meta (Mai — uionb) 1958 r. 

Matepuan oOpadaTHBasca 0 OOuenpHHATOH MeToguKe. Bpigemenue Bupy- 
COB MpOHSBOAMIOCb Ha OMHOCMOMHON KyMbType TPHNCHHHSHpOBaHHOH NMoOuKH 
o6esbaHbI. Ecau mpv mepBu4HoOM 3apaxKeHUM BbIeMHTb WATOMATOreHHbIe BUpy- 
Cbl He yJaBalocb, TO MpOBOAMIMCb TpeXKpaTHble CJeMbIe MaccaxKu. 

Jina wyentudukanun BUpycoB UCMOMb3OBaacb peaKUMA HelTpanusalnu 
THMePHMMYHHEIMH CbIBOpOTKaMU K TloMoBUpycam (TuNbI 1—3), Bupycam ECHO 
(runt 1—25) u Koxcaxu (runpt Ag, By — Bs), cormacHo MeToquKe, peKomeHJoO- 
BaHHOH KOMHMTe€TOM 9KCIepTOB MO 3JHTepOBHpycaM (‘). 

Beero 6piio o6ceqoBaHo 654 npo6st Kama u B 112 BEIZeueHbI WHTOMATOreH- 
HbIe BuUpycl (17,1%). IIpu cpaBHeHuu YaCTOTH! BbIZeICHHA B PasJIMYHbIe NepHOTbI 
oOceIOBaHUA HaGsMOLaIOTCA 3aMeTHBIe Ce3OHHEIe KONeOaHUA. Tak, pannel BecHOoH 
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yacToTa BbieleHHA cocTaBsia 18,5%; oceHbIO Toro *Ke Troja OHA ObIIa BABOe 
Menbule, T. e, 8,7%; K HavaJly JeTa CeLylOULero Toa MpPOWeHT BbIqeTeHHH OBL 
BTpH pa3a Oovbule OCeHHeroO H COCTAaBIAJ 26,9%. SamMeTHad pa3HHlla Ha- 
6lloaeTCAH B YacTOTe BbIJeeHHA B TepHO paHHel BeCHbI H B Ha¥ae JeTa 
(18,5 u 26,9% cooTBeTcTBeHHO). 

Takum 06pa30M, BBIABJIACTCA OMpeeyieHHaA TeHJeHIMA K HeKOTOpOMy y4a- 
UL€HWIO YAaCTOTHI BbI-eIeHHA B JIETHHH MepHog. 

Irv ce30HHbIe KONeOaHHA B PaCIpOCTpaHeHHH KUINeYHbIX BAPyCOB MpeCcTaB- 
JINIM XapaKTepHy!0 OCOGeHHOCTh IA BCeX OOCIIe€NOBAHHBIX KOVJIJI€EKTHBOB 
(ra61. 1). Cpequ jeTeli, MocellaBlIMx yupexKJeHHA OTKPbITOrO THIIa, Ce3OHHbIC 
KONeOaHHA MIPOABJANMCb OCOOCHHO pe3KO, C paSHHleH MeKY OTJe/bHbIMH 
mepHogzamu B 3—4 H axe 7 pas. ¥ [eTel Ke, HaXOAAMUXCA B YUpPe*KMEHUAX NOJy- 
3aKPbITOrO M 3aKPBITOO THIa, pasHulla Me*Ky FaCTOTOH BbIAeMeHHA B OTMJb- 
HbIe MepHOwb HaGmOeHHA Oouee criaKena. 


Ta6auna i 


Ceso0HHble KONeOaHHA B YaCTOTe BbI-eMeHHA KHMICYHbIX BHp YyCOB B Pa3JIMYHbIx 
NeTCKUX YyUperwKTeCHHAX 


Uactota BbIZeNICHHA MO C€30HaM, 


% 
YupexjeHne Tun yupexyenua 
IJI—IV | IX—X | V—VI 
Scau Ne 397 OTKpBITBIH 28,0 od Hays as 
Jletcxuli cag Ne 409 » donee 4,9 25,0 
SAcau Ne 387 Tlony3ak ppiTblii 26,9 23,0 16,6 
Jlom pe6enxa Ne 20 3ak pbITbIi 10,7 17,3 — 


EcJ1M CpaBHHBaTb YaCTOTY BbIJeICHHA B OTICJIbHBIX YUpeKTCHHAX MO BO3pact- 
HbIM XapakTepHcTuKaM (Ta6. 1), To B WeTcKHx acmaAx NoNe 397 u 387, rye mpe- 
OblIBaIH eTH JO TpexseTHeroO BOSpacTa, YacTOTAa IIpHMepHO OAMHAaKoBa (27,6 u 
24,4% coOTBeTCTBeHHO), HECMOTPA Ha TO, YTO B OMHOM H3 HHX HerlocpeCTBeH- 
Hoe OOUleHHe Mex*KAy JETbMM HCKOUaIOCb B CHJIY HX PU3sHYeCKOrO COCTOAHUA 
(HepBHO-licHxHyecKHe paccTpolicTBa). OgHako cmlelkyeT yuecTb, 4YTO STH eTH 
BOCKPeCHble JHH MpOBOAHIM JOMa, BCJIeCTBHe YerO CO3TaBaIHCb Oouee WIMpo- 
KH€ BO3MOXHOCTH JIA BHeIIHHX KOHTAKTOB. 

He Oblui0 OTMe4eHO CYILeCTBEHHOH pasHHIbI My WeTel JOWIKOMbHOFO BospactTa 
(qeTcKHi can Ne 409 u yom pe6enxa Ne 20), necmoTpa Ha TO, 4YTO KOHTAKTHI 
M@KILY J€TbMH B OMe peOeHKa OCYINeCTBAAIMCb TOMbKO pH MocpegcTBe o6- 
CJIYKMBAaIOWLerO TepcoHasa. OgHako YacTOTa HOCHTebCTBa CpeqH STHX JeTeH 
Oblua ByBOe MeHbuIe (14,2 u 10,7% cooTBeTCTBeHHO), 4eM CpesM JeTelt ACebHOrO 
Bospacta (27,6 u 24,4% coorBercTBeHHo). A cpeqH Mi@aquIMxX LIKOJbHUKOB 
BOOOILe He OblWIO OOHAPyXeHO BUpycoHnocuTesnel. 

Bovlee MO pOOubIe CBeJeCHHA O YaCTOTe BHIJeNeCHHA OTICIbHbIX THMOB KuUIeY- 
HbIX BHPyCOB B pa3JIMYHbIX BOSPaCTHbIX rpymnax NMpHBeseHbI B Tab. 2. Heoo- 
XOJHMO OTMeTHTb, 4YTO Ha TIpOTA*KeHHH 16 Mec. oOceqOBAaHHA, C H3MeHeHHeM 
BospacTa jleTeH, HaMOosbIlad YacTOTa BHPyCOHOCHTebCTBa Nepexoqusia 3 
OMHOH BOspacTHOH rpynnbl B Apyryro. B cBAa3H c 3THM HaGMMOAaICh Cyan 
MOBTOpHOro HocuTesbcTBa y 15 AeTeH, KaK I1paBHJO, Pa3JIMUHEIX THMOB KHIUIeY- 
HbIX BUpycoB. HanOompiiee KomMUeCTBO BbIZemeHun (77,6%) Mpuxoyusocb Ha 
Bo3pacT ete oT | Jo 5 ner (puc. 1), T. €. B OCHOBHOM KHIMe4HbIC BUPYCbl BbI- 
ACIAIHCh CpeqW JeTeH AcebHOrO BO3pacTa M MJajMNHX rpynn MeTcKoro caya. 

Cpequ BbIJeeHHEIX BUpycoB HavOoulee MHorouncmeHHy!o rpynmy (43,7%) 
MpeACTAaB/IAM IUATOMATOTeHHbIe BMPYyCbl Koxcaku, 37,5% Bupychl ECHO u_ 
13,3% — nouMoBupycbl: 6 WuTOMAaTOreHHIX areHToB (5,3%) He yasocb Kwac- 
CHPHUMPOBaTh HMeIOWIMMCA HaOOpOM aHTHCbIBOPOTOK. 

linentuduumpopanubie Hamu 106 mMTOMaTOreHHbIX KMIMe4HLIX BHpyCcoB 
ObWIM TpecTaBeHb! 15 pasMunbiMH THMamu. HanGouee pasHopogHoli oKa3a- 
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TaOauna 2 


Pacnipefesenne KHIMe4HBIX BUpycoB 10 BOspacTHbIM rpyritiam 


; a a a ry 


iss] 
= Bcero Bbl- 
ECHO-su- Koxkcaku- LIITI-Bu- 
Me Geson 06- |’ Bosnacr obcue =| Hlomnopupycot yea. BUpy- 
é cueqoBa- p ered ne B0 pycbl BUPYCbl pycbl cos 
* ath a O aoc. a6c a6c. a6c 
1 Bm baOc., Ys % ae % eh % a | % a of, 
’ 


| Ill —IV |6 mec. —1 rog Sie 20 2 | 40 —}| — |—]f— 3} 60 
© 1957 r. [1 rom—2 roga| 34) 4 11,7} 8 | 28,5; —} — | —]| — |} 12] 35 
; 2roma—3 » “| 8! 3 eth lg i) eS sh -— A ean | onmks 
4 3» —4 » Dol wo 0,6 4 7,6 3 2; 6° Salton On eel one 
4 » —d ner | 64) — — 1 {716 9/414,7/—|] — 10} 16 
5 jeT —6 » 32) — — 2 6,2 | — — it ol Beal Sih one 
k 6 » —7 » Si Se ee ee) ee 
7» —8 » PAN) =| 
' Wroro BOT 1d 35 | 98 |. 9-4 | 42 |) aoe 1,3 | 55| 18,5 
IX—X 14 roy —2 ronal 11) — — 4 Ot) ) ee ee ee (I <ohstl 
my) 1907 Tenj2roxa—3 » | 53) 4 VOU | Sele 5,6.) | ee | AN liso 
4 See ee ay | 221) 1 4,9} 2] 9,4)}—}] — |—]|] =— By) abate 
\, 4 » —5 oer | 41 4 2,4 6 | 14,6 | — — —|— CEN EAE) 
; o meT —6 » 46 il ie oe 2 4,3 | — — tL Nh, Aa 4a onia 
q 6» —7 » | 27) — — |—|] — — |}—}—}] -]| -— 
7» —8 » |—| — — }—]| — Jom} — Jmyp—- ft —| 
8 » —9 » | 46) — == |) i — |—}—}]-—-] — 
» HUroro 216 4 slay lA 6,9 | — — We Oeo: ete iy Share} 
V—VI |1 ron—2rona} 1} — — j;—|{| — 4 |}100 —}— 4 |400 
1953s 2 rona— 3 +> 47| = ==) 0 = 423500 ee Wilh Passe) 
K ee ee 30, Pe | ee oe 14| 46,6 
a 4 » —d mer | 14) — — |—|] — | — — PT GRO Hk Gad 
\. D9 meT —6 » 24| — — eke ecatar) hea |” Oi aly 
: 6 » —7 » 28] — — _ do | 48,0} —] — o| 18,0 
‘hy 7» —8 » 24, — — 3 | 412,5)/—|]— SI 2eo 
_ Hroro | 44] = | ig eaiaa aa Arf poy = | 0,8 | 38 | 27,0 
 Beero | 654| 15 | 23/42] 6,4 | 49 7,4 | 6 | 0,9 )1i2| 17,0 


5 Jlacb rpynma ECHO-supycos, cpeqv KOTOpbIX ObIIO 9 pa3JIHYHbIX THMOB (THIBL 

r gem we 9-12; 14; 15; 19). 

} [[uTonatoreHHble BUpycbl rpynmbl Kokcaku Obl TpefcTaBJeHbl YeTbIPbMA 

_ Tunamu (TuMbI Ag, Bo, Bs, B;). Hakone, MomMOBHpycbl ObLIM MpeqcTaBJeHbl 

 AByMa Tunamu (runp | u III). 

JlaHHble O pacnpeqereHHu pa3JIHUHbIX THIMOB KMUIeCYHbIX BApycoB Mo Mepu- 
OaM OOcIeqOBaHHA MpescTaBseHbI Ha pc. 2, M3 KOTOPOrO BHAHO, YTO Ha IIpo- 
TAXKCHHH BCeX MepHOROB OOceqOBaHHA He HaOMOAaOCb MOCTOAHCTBA THMOBOTO 
CocTaBa: B pa3Hble MepHosbl OOceqOBAaHHA ObIIM OTMCYeHHI WIMpoKve BapMalluu 

_ B paclipocTpaHeHun OTJCMbHEIX THIOB KHIMCUHBIX BUPYCOB. 

‘ Tak, B mepvox mepBoro oOcleqoBaHuA (paHHeH BeCHOH) JOMMHUpyiolluMu 

Onin ECHO-supycnl, cpeqv KOTOpbIX HavOoJlee paCIpoOcTpaHeHHbIMH OKa3a- 

| aucb Tub! 6 u 9,aTakxKe 14;10 OfHOMy LITaMMy MpHwxosMocb Ha Tub 8 H 15. 

- Tlonvosupycbi Opliu mpescTaBleHbl B OCHOBHOM III] THNOM, 4H JIMIIb OJMH WITaMM 

-oTHeceH K I Tuny. Tpynna Kokcaku-BupycoB Oplla mpescTaBleHa THMmaMu 

_ Ay u B;. B cnexyrommuit nepuog (oceHb10) Takxe NpeBaMpoBanH ECHO-supycnt, 

HO IIpH 3TOM MpoOus3OUIM U3MeHeHHA THMOBOrO CocTaBa, H HavOowlee MHOTOUHC- 

_ JIGHHBIM yxKe OKa3asica Tun 7, 3aTem 14, H MO OfHOMy WITaMMy Jamu THB 5, 

12, 19. Ymenpurmmocb KoMYueCTBO H H3MeHHWJICA THMOBOM COCTaB NOJIMOBUpy- 

i CoB; Tenlepb Beflyllee MecTO IpHHasexKao0 Bupycam I Tuma (TPH M3 YeTHIpPeX). 

_Bupycst rpynnst Koxcaku mpu 3ToM oOcleqoBaHHM OTCyTCTBOBaIH. B me- 

“pHoOf TpeTbero o6cneqoBaHuA (Hayao sieTa) KMINeuHbIe BUpycbi ObluIM mpey- 
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CTABJICHbI HCKJIOUMTeIbHO BUpycamMu rpynmbl Kokcaku, cpeyqH KOTOpPbIX HaH- 
6oee MHOFOUHCAeHHBIMU Obl THM Bs: HW JHMIb 5, WTaMMOB MpHxofuocbh Ha 
Tun Bg. : 

TlonyyeHuble JaHHble MpeCTaB/IAIOT OMpeWeeHHEIM MHTepec B CBASH C MaC- 
COBOM BaKILMHAllNel HaCeleHHA 2XHBOM MOJMOBMPyCHOH BaKIHHOH U3 WITAaMMOB 


A. Ce6nna. 


Tunbl 
6upycob 


Puc. 4 Puc. 2 


Puc. 1. Uactora BbifeneHHA KHIWeUHEIX BApyCOB MO BO3pacTHbIM rpynnam: a — 1—3 roya, 6 — 
3 roga — 5aet, ¢@ — 5—7 net, e —ctapme 7 ser. / — Mapt—anpenb 1957 r., /] — centa6pp — 
oxTaOpb 1957 r., JJ] — Mati—untonb 1958. r. 


Puc, 2: Pacnpeyesenue BHIJeJIEHHBIX KHIUCYHbIX BHPyCOB MO NepHoyamM o6culeqOBaHHA 


C leibiO YMeHbINeHHA BOSMOXKHEIX ABJICHHH HHTepdepeHUHH Mex*Ky BaKIUHH- 
HbIMH IITaMMAMH XKHBOM MOMOBHPyCHOH BaKIMHbI HW JlaTeHTHO' IMpKyJIUpyio- 
IMHMH Cpe HaceJieHHA SHTEPOBHPycaMH HeOOXOAMMO Tp BEIOOpe CpOKOB UM- 
MYHH3allHH YUHTLIBATb HepaBHOMepHYIO HHTeHCHBHOCTb KHUIeyHOrO BHpyco- 
HOCHT€JIbCTBAa H B pa3Hble MepHOAbI roa H B pa3HbIX BO3paCTHBIX rpynmax. 


VMuctutyT moO H3yyeHHIo MOUMOMHeIHTA Tocrynusio 
AxkaylemuH MefHWMHCKHX HayK CCCP 17 X 1960 


UMTMPOBAHHAA JIMTEPATYPA 


1 Committee on the Enteroviruses, Am. J. Publ. Health, 47, 1556 (1957). 2 H. Gel- 
fand, J. Louisiana State Med. Soc., 109, 237 (1957). * W. Hammon, E. Lud- 
wig et al., Ann. N.Y. Acadk (Scie 615 6979 (955) sam ew ment 187s amelie EOR Ks 
H. Gelfand, Mutnchener med. Wschr., 99, 1117 (1957). 5 E. Honig, J. Mel- 
Ue Neel Nap os MK TOK, 2 (ICS), OW MOmACH, Ik Sally age ia, 
F. Bonetti, Boll. Ist. sieroterap. milanese, 36, 376 (1957). 7C. Moscovici, 
A. Ginervi, A. Je mma, Rend. Ist. super sanita, 20, 667 (1957). 
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Hornage Anagemuu nayr CCCP 
1961. Tom 138, Ne 1 


BHO@HSHKA 


M. M. KOHCTAHTHHOBA 


NPOTMBOJIYYEBOE JEMCTBHE CHW)KEHHS TEMMEPATYPbI 
TEJIA — PE3YJIBTAT BOSHHKAIOULEM MPH 3STOM FHITOKCHH 


(ITpedcmaeaeno axademuxom H. M. Cucaxanom 4 X 1960) 


Hismenenne Temnepatypbl B (bu3sHOMorMuecKUX Mpemedax Mocme o6yYeHHA 
OKa3bIBaeT BJIMAHME HA YKH3HECIIOCOOHOCTh OOJIYYCHHbIX OJHOKJICTOUHBIX HU 
MOHKHJIOTEPMHBIX MHOFOKJI€TOUHbIX XKHBOTHDIX B 3HAYHTeIbHO OONbIUe cTe- 
meHu (*~*), uem cHW?KeHHe TemMmepatypbI B MoMenT OO1yueHua (2-5), Jlumb ray- 
OokKoe OXslaxKeHHe BO BpeMA OOJly4YeHHA 3aMeTHO MOBbINAaeT pe3HCTCHTHOCTb 
OuomorMyecKHX OOBEKTOB K BO3JeliCTBHIO MOHM3MpyIOULMx u3smyyeHui (°°). 

Y MMCKOMNMTAIOMIMX OTKOHeHMe TeMMepaTypb! Tea Mocme OOMyYeHUA B TY 
WJIM MHY!O CTOPOHY OT ONTHMAJIbHOM HeOarOnpHATHO CKa3bIBaeTCA Ha Jy4eBor 
peakiuu opraHu3ma (?°, 14), 

IIpe6nipanue reTepoTepMHbIX MJIeKOMMTAIOUIMX B MOMeHT OOJyYeHHA B Co- 
CTOAHHH CNAUYKH JlaxKe IPH CHJIbHOM rHMOTepMHH He MCHAET CYUeCTBEHHO HCxoa 
pafvalMonHoro noBpexkyeHnua. Jlyyepad peakIMA TOPMO3HTCA, MOKa 2XHBOTHOe 
OCTaeTCA OXJIaKICHHbIM, HO Mocyie NpOOyKJCHHA OHA MPOABJIAeTCA Tak 2Ke, KaK 
Y %KHBOTHBIX, OOJIYYCHHbIX IIpH HOpMaJIbHOH TemMmepatType Tena (*774). 

B otTauuane oT 3TOTO, y BCeX TOMOHOTEPMHEIX XKHBOTHBIX MOHHWKeHHE TeM- 
llepaTypbl Tela B MOMeHT OOJYYCHHA 3aMeTHO CHWKAeT PalMOUYBCTBUTEJIbHOCTh 
Kak OpraHH3ma B reso (15-1), rax u ero uacteli (1°~*!). OnHako B HTepaType 
HeT COrmacylouluxcH MexKAy coOolt WaHHbIX O CTeleHH THNOTepMHH, HeOOxonH- 
MOH JIA 3alllHTbI, H O MeXaHH3Me ee MpPOTHBOy4eBOrO JeHcTBUA. Oka3biBaeMbIit 
MOHMKEHHOH TemMepaTypoH 3allMTHbIH sdpeKT CBASbIBAIOT HOO C Mpennouo- 
*KMTeIbHO BOSHUKAaIOIeH Mpu 3TOM rumoKcueli (°*), WHOO Cc OOULHM YMeHbILeHHeM 
MeTa6omu3ma (1°, 18, 19, 20), 

B cBa3H ¢C IIpemcTaBsIeHHeM O THMOKCHYeCCKOM MeXaHH3Me 3all[MTHOrO jleli- 
cTBHA runotepmMuu Katep u Belicc (?*) caeasiM MOMbITKy HEMOCpeACTBEHHO OMpe- 
JI@NMTb, CHWKaeTCA AH HallpsKeHHe KUCMOpOya B CeseseHKe, CCMCHHHKaX H 
KOCTHOM Mosre IIpH OXWaxKZeHuM MBE Jo 1°. Umu Obuio ycTaHoBeHO, 4TO 
IIpH yKa3aHHOH TemMepaType HallpsAxKeHHe KHCIOpOa B UCCeEOBaHHbIX Op- 
raHax MajaeT 20 2 MM pT. cr. OqHakoO, NOCKOJIbKy Mepe OXNawKeHHeEM AUBOT- 
Hble B TeYeHHe Yaca HAXOJMIMCh B Cpeye C NMOHWKEHHBIM COJepxKaHHeM KuUCJIO- 
pola, a 3avcb HalpsxKeHHA KUCOpOsa B TKAHAX MpOW3BOMMaCb JMIMb pH 
OTOrpeBaHHU, 3TH JaHHble HE MOSBOJIAIOT CilelaTb BbIBOJa O TOM, 4TO OOHAapy- 
2KCHHAA THMOKCHA JelCTBHTeIbHO ABJIACTCA Pe3YJbTAaTOM THMOTepMUH. 

Hactosujee ucceqoBpaHue HallpaBseHO Ha BbIACHeHHe TOrO, OOyCOB/eH 
JIM 3alluTHbI abdbekT, HaGmOaeMbI pH CHWKEHHM TeMMepaTypbl Tea y Ter0- 
KPOBHbIX B MOMe€HT OO/YYeHHA, HeMOCpeACTBeHHLIM BJMAHHEM TeMIepaTypbI 
WIM OH CBA3aH Cc conyTcTBylomleli runoKkcnei. Jia sToro JeHcTBHe NOHWKEHHA 
TeMMepaTypbl Tela Ha HaMpsxKeHNe KUCMOpoxa B TKAHAX in Vivo ComocTaBaA- 
JIOCb C 3ALLMTHBIM St:pPeKTOM, OKa3bIBAeCMbIM COOTBETCTBYIOWeH THNOTepMueH. 

ONBITEI CTABHIMCb Ha MOIOBO3peJIbIX GOesbIX MbIMaX OOoero Moa B BOSpacTe 
8—12 Henemb Becom 18—20 r. OG6mlee KOMHYeECTBO 2KHBOTHHIX, HCIHOJIb30OBaHHOe 
B 9KCHEPHMeHTAaX M0 OMpeseeHHIO BAMAHUA PHMOTepMUM Ha padMOuyBCTBATeJb- 
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HOCTb MbIlleii H Ha HalpsxKeHHe KuCOpoOfa B TKaHAX, ObIO CeQYyIOULHM: 


HanpsaxeHue KHCIOpofa BbloK HBaeMOCTb 
Tleyvenb 21 IIpu 37° 182 pu 12° 49 
Cenezsenka 22 IIpu 18° 82 Ilpu 6° 46 


Ipu BbIdcHeHHM BAMAHHA MOHWKEHHBIX TeMMepaTyp Ha BbIKHBaCMOCTb MbI- 
Wel OXlaxKJeHHe OCYUIECTBANOCh CJIEXYIOULHM OOpa3s0M: XKHBOTHBIe, mMmocse 
BBeJCHHA HM aMHHa3HHa U3 pacueta 7 Y/r, MOMelWaIHCb B XOJIOMMJIbBHUK C TeM- 
nepatypoit 10°. Tocae 1,5—2-4acosoro mpeObIBaHHaA B XOJIOQHJIbHUKE peKTAaJIbHas 
TemiepaTypa y Mbiluel cHwKanacb Jo 18°. Bonee rayOoKoe oxsmamKyeHue Jo- 
CTHTamOCb MOMeUIeHHeM MBIlIelH c TemnepaTypoH 18° B HHAMBHyaJIbHble BaH- 
HOUKH C TaloulMM bom. Uepes 5—10 mun. Temmepatypa magana y Hux Jo 12°, 
a uepes 15 mun. — Jo 6°. 

BosppallleHve %KMBOTHBIX K HOPMaJIbHOMY COCTOAHHIO Ha4¥HHaJIOCb C BOCCTAa- 
HOBJICHHA peryJIAPHOH JeATeIbHOCTH cepa MyTeM JOKaJbHOrO HarpeBaHuA 
o6acTH Cepslla IpHOxXeHHEM 3MeeBHKA,B KOTOPOM WHPKYJIHpoBaa BOsa C TeM- 
mepatypol 42°. B Tex cayuaax, Kora JbIXaHHe CAMOCTOATEbHO He BOCCTaHaB- 
JIMBaJIOCb, TIPHMeHHJIOCb HCKYCCTBEHHOe bIXaHHe (HarHeTaHHe H OTCAaCbIBaHHe 
BO3ayxXa Yepe3s HOC Mp MOMOWLM pe3HHOBOH rpywih). 

O6.1y4yeHue Mblllel C HOpMasbHOM TemmepatypoH (36—37°) um ombITHbIX 
2KHBOTHBIX, Y KOTOpbIX TeMMepaTypa Tela Obluia cHwxKeHA Jo 18; 12 u 6°, mpo- 
H3BOJM0Cb Y-stysamu Co®°® B a6couOTHO meTabHOH o3e (900 r) mpH MomHOcTH 
jo3bt 360 r/MHH Mm paccTosHun 21 cm. KputepveM paMOuyBCTBHTeIbHOCTH CJ1y- 
2KWa BbOKHBAaeMOCTb MbllueH 3a 30 jHeH. 

IlapammebHo y APyrHX X%KMBOTHBIX B MeveHH HW Cele3eHKe H3MepAJIOCb Ha- 
IIps@kKeHHe KUCTOpOa NOMAporpapuyecKHM MeTOJOM C UCHOJIb30BaHHeEM B Ka- 
yecTBe KaTOJa IJlaTHHOBOTO 3Je€KTPOa “OTKPbITOrO THIa», a aHowa — XJIOp- 
cepeOpsHoro amekTpona. IIpuMeHaABliaacad B HaUIMX OMbITaX MeTOJHKa H3Mepe- 
Hua O, omucaHa paHee (#4). 

OxuaxkKeHHe 2%KUBOTHBIX, Y KOTOPBIX ONpeWeIANOCh HallpAKeHHe KUCMOpOra, 
IPpOH3BOAHOCb CJIeAYIOWIHM OOpa30M: MbBILIaM, Mocsie BBeJeCHHA 9JIEKTpOJOB 
M yCTaHOBJICHHA HCXOJHOM BeJIMYHHbI CHJIbI TOKAa, BBOJMJICA AMHHA3HH, KHBOT- 
HOe OOKMaLbIBaJIOCb JIbJOM M MocTemeHHO (B TeyeHHe 2 Yac.) OXaKaocb oO 
HYXKHOH Temnepatypbl. B Teuenve Bcero Mepvora OXaKeHHA WU MOcTeLyIoulero 
OTOrpeBaHHA, KOTOPOe OCYLICCTBIAIOCb CMOCOOOM, ONHCaHHbIM BbIle, Mapav- 
JICIbHO C H3MepeHHeM HalipAKeHHA KHCMOPONa perucTpHpoBalach TemMnepatypa 
Tela. BoccTaHoBJeHHe HOPMaIbHOH TeMMepaTypbl Tela MpOWCXOHIO BeCcbMa 
MeJICHHO TPH KOMHATHBIX yCJIOBHAX, TeMIlepaTypa BO3Bpalllasacb K HOpMe He 
paHee uem yepes 12 yac. BemeycTBue JAMTeIbHOCTH Mepvosa BOCCTaHOBJIeHHA 
pervcTpalluio OObINHO IpeKpalllain yepe3 2 vaca, Kora TeMMepaTypa 2KMBOTHEIX 
NONHHMasacb jo 18—20°. 

Jlna cyxxeHua O TOM, O6yCOBNeHO JIM 3alLMTHOe BJIMAHHe MOHHKCHHBIX 
TeMIlepaTyp THMOKCHeH, MpOBOAHOCb ComMocTaBeHHe JaHHbIX MO BbIKHBae- 
MOCTH C JAHHBIMH O HallpsxKeHHH KUCMOPOa B TKAHAX MpW OMHAKOBOM OXJIaxK- 
TeHHM. 

CieqyeT OTMeTHTb, YTO CaMO TIO ce6e OXWax%KMeHHe TOMOMOTeEPMHbIX %KHBOT- 
HBIX B HalIMX 9KCIe€PHMeHTAX BbISbIBAJIO 3HAYHTEMbHYIO CMEPTHOCTb XKMBOTHBIX 
B TeyeHHe 30-2HeBHOrO Mepvoga HaOsmogeHuA. Ona cocTaBasa (B MporleHTax): 


Tipu 18° 9,5+6,56 (n=21) 
Mpu 12° 65,2+10 (n=23) | 
IIpn 6° 48,7+8,7 (n=35) 


PesyJIbTaTbl MCCIeQOBaHHA BAMAHUA THNOTepMHH Ha YpOBeHb KUCMOposa 
B TKaHAX (puc. 1) noKa3bIBatoT, 4YTO MO Mepe CHWKeHHA TeMMepaTypbl Harps- 
*KCHHE KMCIOPOAa B MeyeHH UM CemeseHKe MocTeMeHHO nagaet. IIpH Temmepatype 
15—18° Hampsxenne KuclOposwa cHuxKaeTca Jo 50% OT uCxXOHOM BeMUHHHI, 
a IIpH Temmepatype 6° cHwxKeHHe JocTruraet 85—90%. 
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BoccTaHoBuleHve TeMiepaTypbI Tela COMpOBORAaeTcaA MOCTeNeHHBIM MOBDIINIe- 
HH€M ypOBHA KucNOpoya B TKaHAX. Hanpaxenne Kucopoya B neyeHH H Cese- 
3€HKE OKA3bIBaeTCA IPH OMpeeIeHHOH TemmepaType MpuOmMsuTeIbHO OMHA- 
KOBBIM, H€3aBHCHMO OT TOTO, OXJIa2KaloT HIM OTOrpeBaloT 2KHBOTHOE. 

CHwKeHHe TeMMepaTypb Tesla 2KMBOTHEIX Jo 18° npH oOmyYeHHM UX B Ose 
900 r naeT Wun HeOOMbUION 3aMNTHDI scbpeKT (B onbITe BEPKUBaIO 10% nipu 
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Pue. 1. Hanpsxenne Kucoposa B CeleseHKe (J) H B NeyeHH (2) mpu 

OXNaKIeHHH (a) H pH OTOrpeBaHHH (6), a TaKXKe BbIXHBACMOCTb 

MBliueH, O6y4eHHbIX B fo3se 9O00r y-mysamu Co npu pa3Holt 

Temnepatype Tema (3); 2—TO %e pH yyueTe rHOemk XKHBOTHBIX 
OT OXIA KeHHA 


100% ru6enu HeoxmaxKJeHHBIX OOYYeCHHEIX Mbuueli). JambHetulee MOHWKeHHE 
TeMepaTypbl Tela B MOMeHT OOy4eHHA BeeT K BO3PaCTaHHIO KOJIMYeCTBA 
Bb2KUBIIMX MblluelH MW CocTaBlAeT pH Temnepatype 12° 16%, a mpu 6° 36%. 

M3 mpescTaBsIeHHbIX MaTepHaJsIOB BUHO, 4YTO lO Mepe yCuJIeHHA ruNOTepMHH 
B OpraHH3Me HapacTaeT ruNoKcHuH H MpOMOpWHOHabHO eH yBemHUMBaeTCA 
BbIKMBae€MOCTb MBIIIelt. 

O6pamjaeT Ha ce6A BHUMAaHHe TO OOCTOATEJIBCTBO, YTO OTYCTJIMBbIM 3aliluT- 
Hb appeKT OGHapy>xKeH JUUIb IPH CHWKEHHH Halps2KeHHA KUCOpOa B TKa- 
HAX Oonee yem Ha 50%. 

CyulecTBeHHO, OJHAKO, 4TO JaxKe Ip 3HAYHTeMbHOM CHHKEHHH TeMMepaty- 
Pbl, KOTOPOe co3faeT BbICOKy!O CTeMeHb THMOKCHH, HMeeT MeCTO JIHLUIb CpaBHu- 
TeIbHO HeOObWIOH 3allHTHBI addexT. JlelicTBUTeIbHO, IPH HOPMaJIbHOH TeM- 
mepatype Tela Jake MeHbIMaA THMOKCHA, He3aBHCHMO OT clocoOa ee CO3qaHUA, 
Oba BeCbMa 3:eKTHBHOM B 3alI[HTHOM OTHOLIeHHH (**). DTO HECOOTBETCTBHe, 
T10-BHMMOMY, OOBACHACTCH NMOBPExKTaIOWLHM eHcTBHeM Ha OpraHH3sM CaMUXx 
HH3KHX TeMIlepaTyp; CHWKeHHe TeMMepaTypbl Y HOPMAJIbHbIX 2KMBOTHBIX, Kak 
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5TO ObWIO OTMe¥eHO Bbie, CaMO MO ceOe BbISbIBAeT 3HAYHTeIbHY!IO THOedb. 
Y o61y4eHHBbIX *KHBOTHBIX BpeHoOe JeHcTBue HH3KHX TeMMepaTyp MOrIO OKa- 
3aTbca emule Oomee HeOmarompHATHbIM. TakHM oOpa30M, OTHOCHTeJIbHO HH3- 
Kad BbOKHBaeCMOCTb IPH CTOJIb CHJIbHOM THMOKCHH MOKeT OOBACHATLCA CYyM- 
MMpOBaHveM NoBpexkKmaloulero JeHCTBUA payuallun WH runoTepMuv. K Tomy xe 
Ha BbYKHBaeMOCTH MOFJIO OTPHWaTeIbHO CKa3bIBaTbCA JWIHTebHOe ipeOblpaHue 
OOJIYYCHHbIX 3KHBOTHBIX B COCTOAHHH THMOTepMHH, MOCKOJIbKy HOpMaJIbHaA 
TeMiepaTypa Tella BOCCTaHaBJIMBaeTCA JIMUIb uepes 10—12 ac. 

Ec mp OleHKe Bb2KHBaeMOCTH XKMBOTHBIX y4eCTb THOeb MBIMeH OT OJ- 
HOFO OXJaKJe@HHA, TO MOXKHO BUeTh, YTO 3alllMTHaA S*PeKTHBHOCTb FuMoTep- 
MHM 3Ha4HTeIbHO BO3pacTaeT HM MpHOMHKAeTCA NO CBOeH BeHYHHE K BbRKHBA- 
eMOCTH, XapaKTepHOH JIA WaHHOH CTeMeHH THNOKCHM y XXHBOTHbIX C HOPMAaJIb- 
HOH TeMMepaTypoH Tena (*)*. 

TakuM o06pa30M, 3allHTHbIM sddpekT, OOHapy2XHBaeMbIH MpH OXMaxKeHuN 
TOMOHOTepMHbIX YKMBOTHBIX, ABJIACTCH CJI€ACTBHEM BOSHHKAaIOWeH Mp 39TOM 
rHMOKCHH. 

Ilpu4unHOH BO3HHKHOBeCHHA THMOKCHM Y 9THX MMBOTHBIX ABJIACTCA, MO-BH- 
JMMOMY, TO, 4TO NOHWKeHHeE TeMMepaTYPbI B 3HAYHTeAbHO OOMbIUNeH cTeleHH 
yrHeTaeT TOcTyWeHHe KHCOpOa B OpfaHH3M, YM TKAaHeBbIe OKHCJIMTeJIbHbIC 
mpoleccbl. Octpblit HeqocTaTOK KHCOpoya B TKaHAX, — BePpOATHO, OCHOBHAaA 
IpHunHa THOeH MXKHBOTHDIX Mp OXaKTeHHH. 

B otTsmuuve OT 9TOFO y TeTepOTePMHLIX KUBOTHEIX, KOTOPble B COCTOAHHH 
CNAYKH TIpucnocoOeHbl K CYUIeECTBOBaHHIO IIpH MOHHXKCHHBIX TeMMepaTypax 
Tela, THMOTepMHUA He BbISbIBAeT JMCKOppeJIAWHA MexKAy ITHMH TMpoweccamy, 
a culeqOBaTeJIbHO, MH TrunmoKcun. Ilostomy, BepoATHO, y HHX FHNOTepMusA He 
appeKTHBHA B 3all[MTHOM OTHOLIeCHHH. 


VucrutyT MoposiorHH %KHBOTHEIX uM. A. H. Cepepnosa Tloctynuso 
AxkajlemuH HayK CCCP 22 IX 1960 
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* JLONOJIHHTeIbHbIe OMbITHI NOKA3aJIM, YTO Mp GbICTpOM OTOrpeBaHHH 2KHBOTHEIX, OO/y4eH- 
HbIX IIpH 6°, HX BbDKHBaeMOCTb JelCTBHTEIbHO CyUeCTBeEHHO BOSpacTaeT H XOpPOLO CoBMayaeT 
C pacueTHOH KpuBoli (4). 
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BHOXHMH A 


C. A. HEH®AX, T. B. KASAKOBA, M. Tl. MEJIBHHKOBA u B. C. TYPOBCKHA 


O «MEMBPAHHOM» MEXAHH3ME PEryJISUMAH CKOPOCTH 
PJIHKOJIN3SA B KJIETKE 


(ITpedcmaeaexno axademuxom B. A. Dxeeaveapdmom 28 XI 1960) 


Beneq 3a OTKPbITHeEM (PYHKUMH MHTOXOHAPH B OCYIMeCTBIEHHM JbIxaTesb- 
Horo docdopwiupopanua (1) Oblia OTKpbiTa Apyraad, He MeHee BaxkKHaa, Ux 
(byHKIUMA — B KaKTHBHOM TPaHCHopTe» BeLeCTB IPOTHB rpalkWeHTa XHMMYeCKOrO 
moTeHivasa (?). B HacTosljee BpeMA CTaHOBHTCA Bce Ooee MOHATHBIM, 4TO 
KOHICHTpalMOHHble rpaWeHTbl MHOTHX BeIeCTB JIA Pa3NMUYHEIX TOUeK ILHTO- 
Ma3Mbl CO3aloTCH TIaBHbIM OOpa30M OylaroqapA aKTHBHOCTH MMTOXOHApHi 
(*). Oto cBuyeTembcTByeT O BaX%KHOM POH MUTOXOHApH B perysAMMM KeTOU- 
Horo MeTaOouu3mMa. B CBA3H C 9THM BeECbMa CYIIeCTBeEHHO, YTO MeMOpaHbI MUTO- 
XOHIPWU, KaK OKa3aJlOCb, ABJIAIOTCA CTPYKTYPHbIMM HOCHTeJIAMH OO€HX PyHK- 
WMH: [bIXaTebHOrO cdbocopHsupoBaHus (*) 4 akTHBHOrO TpaHcnoptTa (°). B stom 
CTPyYKTYPHOM eC/IHHCTBeE, BEPOATHO, HM 3aKOUeHaA TloKa elle 3arayqouHaa mep- 
BHYHaA MOJIEKYJApHaA OCHOBa aKTHBHOrO TpaHcnopTa. 

OJHUM H3 BO3MO%KHBIX M€XaHH3MOB aKTHBHOrO TpaHCHOpTa ABJIAIOTCA O6- 
PaTHMbie Tepexofbl OT HaGyxXaHHA K COKpallleHvIO MUTOXOHApHH. Oba mpouec- 
ca B CBOeH OCHOBe HMelOT JH3MMATHYeCKHe MeXaHO-XHMH4eCKHe peak (*), 
HO UX M€XaHu3M VW *yHKUMOHabHOe 3HayeHHe raryOoKko pa3smuuHEl. IIpu Ha6yxa- 
HHH MHTOXOHApHH MeMOpaHHble Oapbepbl MpeososieBaloTCA M KOHILCHTpallHou- 
Hble TpayHeHThI CrlaxKUBalOTCA, pH COKpallleHAH Ke MUTOXOHAPHU, Haodopot, 
3aTpyYMHAeCTCA TpaHCMopT WH cTaOuMM3upyIoTCA rpaHeHTb!. Cpe BellecTs, 
BHIJeIH€MbIX MUTOXOHIPHAMM Mp HabyxaHHH, CuleqyeT OCOOO OTMETHTb HeKO- 
TOPble KOMMOHEHTLI SH3HMATHYeCKOM CHCTeMbI rIHKOu3a; HOHEI Mgt u K* (?), 
ajleHHHHyKseoTHAp (°) H nHpHAMHHyKseoTuAH (’). BosMoxHO, 4TO TeyeHHe rvil- 
KOJIH3a — Mpolecca, JOKaIH30BaHHOrTO B rHaJOMMasMe,— 3aBUCHT OT MPpOHHK- 
HOBeCHHA B TMamonsmasmy oOOpasyloulNxca MW cosepxXallMxcH B MHTOXOHApPHAXx 
KOSH3HMOB WH, BO3MO%KHO, JPyrHx BelllecTB. 

Takum O6pa30M, BbIPHCOBbIBaeTCA KapTHHa HemocpeAcTBeHHOM XMMMYeCKON 
CBA3H CHCTeMbI AKTHBHOrO TpaHcnopTa, C OAHOM CTOPOHHI, C AbIXaHHeEM HM JbIxXa- 
TeJIbHEIM (boctbopHuIHpoBaHHem, a Cc pyro — C IVIMKOJIM30M. ITO MpuBOLUT 
K IIpeCTaBJIeHHIO O BeEPOATHOM CYINeCTBOBaHHH B KJleTKe, TOUHEe B MUTOXOH]- 
PHAX, «MeMOpaHHoro» MeXaHH3Ma PeryJAMWHH CKOPOCTH TIHKONN3Aa. 

B autepatype y2ke BbICKa3bIBaylaCb MBICJIb O TOM, YTO CYIeCTBOBaHHeM BHY- 
TPHKJIETOUHBIX «OapbepoB» JIA MPOHHKHOBeCHHA aeHHHHYKJeCOTHIOB MOKHO 
OObACHHTb M€XaHH3M TacTepoBCKOrO TOpMOxKeHHA TiuKONUsa (*). Mmeetca u 
pyraax rpymma pa6dot (° 14), KoTOppIMd Ha UH30JIMPOBaHHbIX KJICTOUHBIX 
(bpakuHAX MpAMO MOKa3aHa BO3MOXKHOCTh YCKOPeHHA KH TOPMOKeHUA PIMKOIN3A 
MOA, JeHcTBHeM MHTOXOHApHH. OmHako HM MepBOH, HH BTOpOH rpynmon paoor 
He W3y4aJICA BOIpoc O CBA3H peryATOpHOrO adteKTa MHTOXOHApHH Cc U3smMeHe- 
HHAMM CTPYKTYPbI UX MeMOpaH. Sayaueli MPHBOAMMBIX HW2KE ONBITOB Oba MO0- 
MIbITKa YCTaHOBUTb: 1) cBA3aHO JIM YCKOpsAIOlee PMIMKOH3 JeNCTBHe M30JIMpoO- 
BaHHbIX MHTOXOHApHi CO CTpyKTypoi HX MeMOpaH; 2) MO%KHO JIM, U3MeHAS 


| CTpyKTypy MeMOpaH MUTOXOHApHl NO MpOusBOMY, YCHIMT HU OcNAaOHTb scpeKT 


} 


YCKOPeHHA IHKOJIM3a, T. €. MOXKHO JIM Ha H3O0MPOBaHHHIX MHTOXOHAPHAX BOC- 
Mpov3BecTH HX perysATOpHoe JelictBue. IIpu sTOM rMHKONM3 H3y4aICA B Ta- 
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KHX YCJIOBHAX, KOTOPbIMH HCKJIOUAJIOCh YCKOpeHHe MMIMKONM3a 3a CHET neH- 
CTBHA KOSH3HMOB HM OCTABJIAJIaCb BOSMOMKHOCTS AIA BOSHCMCTBUA APyrHX MHTO- 
XOHJPHaJIbHBIX (pakKTOPOB — all0O3H3HMOB H, BO3MOXKHO, JIMMMOB. 

V3 romorenatos B 0,25 M manuute umn B 0,125 M KCl o6nrHbim cnoco6om u30- 
JIMPpOBaIHCb MUTOXOHIPHH MW Hagocalounad 2KMAKOCTH] (pacTBopumasx Ppakuua, 
PO). OyHKuMOHabHasd AKTHBHOCTh MUTOXOHIPUH Oba NOATBEpAKNeHa: a) HCcHe- 
JIOBaHHeM JbIXaTeJIbHOrO (pocop WJIHpoOBaHHA (KO- 


appunueut P : OoKkoso 2) 4 6) AOKasaTeIbCTBOM me na npoby 


COKPpaTHMOCTH MUTOXOHApHH 10 yBeIMYeHHIO CBe- 450 
TopaccesAHHA TO NelicTBHem cuctempl: AT@®—cpI- N 
BOPOTOUHbI aslbOymMuH — «C-cbakTop» Jlenuurepa 8 
(1°). OcBoG6oxeHHaA OT MHTOXOHAPHH NOX KOHT- g 
pouleM MukpocKkona P® wecneqoBasacb B a9poo- $ 
HbIX YCJIOBHAX B PEKOHCTPyHpOBaHHOH CHCTemMe S 
JIA OMpeWeIeHHA PIMKOIH3a Ha rroKose. CuctTe- y 
Ma COjlep2KaJ1a ONTHMaJIbHbIe KOHIEHTpalluH KOSH- = S 


3MMOB HM AaKTHBaTOPOB PIMKONH3a (B MOJIAX Ha 
JHUTp);ru0Ko3a 1—3 -10-?, AT® 1—3 -10- 3 pudo- 
ccbonupusqnHHykKseotugy 2 -10-4,MgCl, 5—8 -10° 3, 
(pyktTo3so-1,6-qudocpat 1—10-10-°, HuKoTHH- 
amu, 5—8-10-°, uuctenn 2 -10-3, K-cboccaTuniit 
Oydep pH 7,4 7-10°°, tTpuc-6yhep pH 7,4 
2-10-?, Pd 1—3 mr 6enka Ha mpooy. Ipogzomx«u- 
TeJIbHOCTb HHKyOalHH 40 MuH., Temnepatypa 30°. 
MosouHasd KUCtOTAa ONpeseAaCb KOJOPHMeTpHYeCK HUM COCOGOM C IpHMeHeHHeM 

napaokcnynhenuia. YCKopsAtoulee PIMKOIH3 («yCHJIMBalO- 


02 04 06 08 10 12 [hme 
benox mumoLordpull 


Puc. 1. CxopoctTb rmuKkoi3a pu 

Pa3HBIX KOHLeHTPalluAX MUTOXOH- 

apuk mosra. /— rvamonsa3smMa—- 

-+- muToxoHyapuu, 2 —rvamonma3- 
ma, 1 mr OenKa 


fee 2 lee») JeicTBHe MATOXOHApHH Mp HX ZOOaBseHHH K PO 06- 
8 ty Hap Y2KUBAaJIOCb B CPaBHHTeJIbHO HEOOJIBILIOM HHTepBavie KO- 
8 HICHTp alu MHTOXOHApHH. Ja MATOXOHAPHH MOSra 3TOT 
8 20 HHTepBaJl HaxoMICA BIpenemax 0,12—1,2 mr 6enKa MUTO- 
& XOHJ pHi Ha 1 mr Oemka P® wmos3ra, a AA cepWeqHblx 
iS capko3om — 3To 0,7/—1,4 mr Oenka capko30M Ha 3 Mr 
$ 0 Oemka P® cepyua. Kak Obwio yKa3aHO B MpebIyuUx 
Ss paOotax (1°, 14), npu TambHeiiem yBeJIHYeHHH KOHIWeHT- 


pallu MUTOXOHApHH HacTynaeT yKe He yCHJIMBatollee, 
a HaoOopoT, TOpMo3sallee riHKoNH3 elicTBue. Ilocte- 
TI@HHO YBeHUHBaA KOHIUeEHTPallvyio MHTOXOHPHH, MBI 


Puc. 2. Ycunenue rmu- 


KouM3a TOA TelcrBueM 
(pparMeHTOB TleYeHOUHbIX 


MHTOXOHApH. CpemHee 


u3 6 onpiTosB. /—pacTBo- 
pumMaa dpakuua (PO) 
lleyeHouHorO romoreHa- 
ta, 2— P® -+| dparmen- 
Tbl MHTOXOHApHl, 3 — 
P® + pactTBopumax 
(ppakiua MUTOXOHTpun 
(P®M). Coyep2xxaHue 
OeuKa (B MJT pamMMax 
Ha npooy): P® 2,7, dpar- 
mMeuToB 0,5, P®M 1,0. 
O6pasoBanue sakTata 
WaHoB pacuete Hal mr 
Oelka Jia cbparMenToB 
(2)uqua POM (3) us 
pacueTe Ha Mpo6y Musa 
P® (1) 


TIMKOJIMTHYeCKyIO akTHBHOCTh P®, I[lo-BuazuMomy, 


HaOslo0qaIu 06a adekTa Ha OJHOH HM TOH we CyCcNeH3HH 
MHTOXOHZpuu mosra (puc. 1). Hawtin anbHeuine ompi- 
Tbl OTHOCATCA TONbKO K YCHJIMBalOleMy JleHCTBHIO. 
Oxka3alocb, 4TO ycusuBalollee JeHCTBHe ABJIAeTCA 
CBOHCTBOM, BHYTpeHHe MpHCyWIMM CTpyKType MeMOpaH 
MUTOXOHIpHu. ITOT PeHOMeH YaslOcb BOCIIPOM3BeCcTH He 
TOJIbKO Ha HHTAKTHbIX MHTOXOHIPHAX, HO M Ha cpparmeH- 
TaX MHTOXOHJPHH, CMOCOOHBIX K JbIXaTeJibHOMy (ocdo- 
puslHpoBannto. MparMeHTbl MATOXOHAPHaJIbHDIX MeMOpaH 
M pacTBOpHMaad (pakiMA MHTOXOHApHH (POM) Opin no- 
JIYYeHbI HaMM 10 ONHCaHHOMy B JIHTepaType cnocoby 
(1°) 43 OTMbITbIX NMe4YCHOUHLIX MHTOXOHJPHH MyTeM Me- 
XaHHYeCKOrO PasMeJIbYeHHA HX MH Mocslelyroulero cpak- 
ILMOHHpOBaHHAl B yulbTpalentpHpyre PMBE npn 105 taic.g 
B TeyeHHe 30 muH. Koaddunnert P:O dparmeHTos 
npHo6siMmxKaicd K 3.Ha puc.2 BHLHO,4TO (PparMeHTHl B OOJIb- 
meu cTreneHh MH P®M B MeHbieH cTeneHH yCHJIMBaloTr 
yCHJIMBaIOWu «bakTop» 


(Y@) npoxyuupyerca BHyTpeHHelt MemOpaHol, HakalliMBaeTcA B pacTBOPHMOli 
(ppakUHH MMTOXOHApHH U MOcTeneHHO BBbIeAeTCH uYepe3 MeMOpPaHbI B OKpy- 


*Kaloulyio cpeyy. 
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CnocoOHocTb MMTOXOHApHi BEIeIATh YO yzanocb MpAMO NoKa3saTb Mocper- 
CTBOM MpeHHKyOalMH MHTOXOHApH M HCCeqOBAaHHA CpeAbI, B KOTOPOH Mpo- 
M3BONMaCh NpeHHKyOalluaA («ceKpeTa» MHTOXOHApHit). OrTmpITble MHTOXOHIpHH 
apewukyOupoBamncb B 0,25 M manunte un B 0,125 M KCl ua BomnHoit Gane 
ap 30°. BerpaxuBanusa cocyqukoB IpH 3TOM He MpoM3BO_UOCb, HO OKHCH- 
TEJIHBIC MPOMMeCChl, HWO-BUMMOMY, MpOkoumKaHCb, H MATOXOHApHH Habyxaun. 
Croco6HocTb MHTOXOHApHH yCHMBaTb TIMKOJM3 TaK- 
*Ke COXpaHsaacb. Bmectec TeM, B pe3yJIbTaTe Takon 
MpeHHKyOallMw HalocaqouHad XKUAKOCTb, Mocse oT- 
JeeHHA MHTOXOHApHH WeHTpudyrupoBaHvemM IIpH 


pee Ha Npoby 4 


g 7,5—10000 g B TeyeHne 10—15 MuH., Tak»Ke mpn- 
§ oOpeTasia cnoco6HocTb ycKopaTb ravKom“3. Kak 
3 200 BUZHO Ha pwc. 3 a, uem O6omee AAHTeNbHOH Obia 
x MpeHHKyOalluaA, Tem OombutIe YO nepexomnsO B «ceK- 
s peT» CepJleyHbIx Capkosom. Ha puc. 3 6 BuyHO,YTO Kpo- 
s Me TOTO HaOsl0aiacb JHHeHHAA 3aBHCHMOCTb Mex- 
$s Ay YCHJIMBarolllMM JleHCTBHeM VM KOJIMYeCTBOM OOaBJIeH- 


Horo K P® «cexpeta» capko30m. Y® yyanocb OTAeIUTE 


Puc. 3. YcuuBatouee eficraue «ceKpeTa> CepRe4HbIX CapKO- 


i] OY, 30M. @ —TJIMKOJIH3 1 i : 
3 PH pasHOH MpoomMKUTeNbHOCTH MpeHHKy 

8 30 6 Oalluu capkosom: / —P® 6e3 «cekpeta» capKo3om, 2— P® + 

§ -++ «ceKpeT» CapKo3oM, npenHky6auna 15 MuH., 3 —To xe 30 Mun., 

ce. 4—To *e 45 MuH.; Bclogy PD ~ 2,8 Mr Gemka, ceKpeT capKo- 

2 20 30M 500 mr-3KB. OT Beca TKaHH, 6 —rauKONM3 Mpu obaBse- 

S HMM pasHbIX KOJIMYeCTB «ceKpeTa» CapKo3oM: J —P® 6e3 «cexk- 

g peTay capKozom, 2—~ P®-+ «cexpeT» capko30M 

8 100\6-—--—- —— 

S&S 0 QI 02 03 Q4ma pa Sata Sala na ae Ce 


~ 


_Cexpem” capxo3an 


' OT MOS3TrOBbIX, NMCYeCHOUHLIX H PdaKOBBbIX MHTOXOHJpHu aHaJIOTHOHBIM CIIO- 


co6oM, T. e. 6e3 MOBpexkJeHHA CTPYKTYPbI MUTOXOHpHH. 

Bo Bpemal mpeHHKyOallMH MOCTOAHHO MpoucxogusIO HaOyxaHve MUTOXOHApHH, 
KOTOPOe Ha¥HHaJIOCb PaHbllie, YeM MOXKHO OblvIO OOHAPy2KUTb MUTOXOHIPHalib- 
Hyto ceKkpeiuio Y®@. Tem He MeHee, MOCKOJIbKYy B TeYeHHe JJIMTeIbHOrO BpeMeHH 
06a ABJIGEHHA COBMaasIH, eCTeCTBeHHO ObIJIO JOMYCTHTb, YTO MexKy HMMM Cy- 


_ WecTByeT CBA3b H UTO HaGyxaHue H BbiJemeHue Y@ B OCHOBe CBOeH UMeIOT 06- 


MH MexaHH3M — ewopMallHio MHTOXOHApHaJIbHbIX MeMOpaH. 
TIpHBO_UMbI HYKe OMbIT MOATBEPAH MpaBHJIbHOCTb STOTO MpeANoOKeHAA. 


_CycneH3¥A MMTOXOHAPHH MeveHH Oblia pasfemeHa Ha TPH MpoObl, KOTOppIe 


IipeHHKYOUpOBasIHCb KaK YKa3aHO BbILle, HO B Cpefe pasHoro coctaBa: 1) KCI; 


~ 2) KCl + AT® (unu KCl + MgCl,); 3) KCl + Heopranuuecknit opTtodocdar. 


— 


AT® u MgCl, npumeHamucb B KauecTBe BelllecTB, CTAOMIM3HpPYyIOWIMx CTpyK- 
Typy memOpan (27), a cboctbatr — kak areHT, ycHmMBalollMiH HaOyxaHue (°). 
Ha6yxanue MUTOXOHApHH perucTpupoBasocb Mo MeToy KuwujieHya, Mocne yero 
Kaxklad cycneH3ua poOaBiaiacb K P® neyenu u onpeseANcCA raukonMs. Ha 
puc. 46 BUHO, ITO MO CpaBHeHHIO C MATOXOHAPHAMH, NpeHHKyOMpOBaHHEIMA 
c KCl, mpo6a mutoxongzpuit c cbocdatom moyBeprviach Oosee ObicTpomy 4 Oosee 
3HAaYUTeMbHOMy HaOyxaHuio (KpyToe MafeHHe HM HH3KHH YPOBeHb @509), a 
mpo6ht c AT® unu c MgCl., HaoOopoT, AIMTeIbHO COXpaHAJIM KOMMAaKTHYyt0 


CTpyKTypy (ypOBeHb &50, MOUTH 6e3 H3MeHeHHi‘). 


B MOJHOM COOTBETCTBHH C 3THM, Ha puHc. 4a BUHO, TO B TO BPeMA Kak mpo6a 


ce KCl u, B oco6eHHocTH, mpo6a c doctbaToM JasiM peskuh sppekT ycueHusA 


riukosmu3a, npo6a c AT® mouTH HuKakKoro JeiCTBUA Ha CKOPOCTb IVIMKOJIM3a 
P® ue oka3ana. OuepunHo, nox pelicrsuem AT® ctpykTypa MeMOpaHbI MHTO- 
XOHIPHM M3MeHAeTCA TaKHM OOpa30M, YTO IIPOHHIaeMOCTh e€€ YMeHbIaeTCA H 


Y@ nepectaeT BbI,eATECA. 


/ Ecau 6b! 3TO MoOwKeHve yaloch OKOHYATebHO OKa3aTb, OHO MMeJIO Ob 


IpHHIMMMabHoe 3HayeHHe, TaK KaK 9THM OblIa Obl YCTAaHOBNeHa elle Ofna 
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(yHKWMaA MHTOXOHLpH — dyHKuNA pery 1AWHH "rukou3a. BecbMa. Be- 
POSITHO, 4TO B KJI€TKe MUTOXOHAPHH BbIpadaTbIBAaloT He MBa Pa3JIM4HbIX (pak- 
Topa, Kak 9TO clexyeT H3 onbiTa in vitro (cM. PHC. 1) — TOpMOsALIMH PIMKO- 
aM3 MW yCHIMBaOWi riMKOIM3,— a ToAbKO OAHH Y®. IIpoHuKHOBeHHe Ke 
3Toro (pakTopa B rHalona3My 3aBUCHT OT 06- 

PpaTHMbIX V3MeHeHHH NMpOHWWaeMoOcTH MeMOpaH ue Ha npoby yes 


MHTOXOHIpuu. CrpykTypa MemMOpaH M3meHseTCA BiG Ket 
B 3€BHCHMOCTH OT ypoBHA AT® BMUATOXOHApH- = 
ax. []pH cOalaHCHpoBaHHOM BbICOKOM ypOBHe 5 
S 10 
Q 
3 
= 
S 3 
Puc. 4. Ycunupatomee JelicTane HW CTpykTypa MUTOXOH]- 8 
DH MeyeHH. @—jelcTBHe «CeKpeTa) MMTOXOHApHH Ha 0 
raukonu3: 1—npewHky6auuA MuToxonApHh c KCl pp A 
940-2 M+ AT®4-40-2 M, 2—To xe c oguum KCI PP+cexpem 


mumozroxdpud 


9.40-2 M, 3—ro we c KCI 9-107? M-+ neopranuueckuii 
optodocpat 7-10-°? M. P®~2,5 mr 6enKa, «cekpeT» 


MHTOXOHApHH ~ 100 mr-3KB OT BeCa TKAHH. 6 — H3Me- 05 
HeHHe cCBeTOpacceAHHA MHTOXOHZpHi, 10 aHHbIM | KCL = AT@ 
ONTHYeCKOH MJOTHOCTH; CYCNeH3HA MHTOXOHApHH 4 : 250; 3 


yCIOBUH Te #%xe, YTO H Ba. JlononHuTeNbHaa mpo6ba c a? 
MgCl, 4-10-? M 04 


Sadie 


ave 0 10 2 30 mux 


AT® BHYyTpH MHTOXOHAPHH, MeMOpaHbI HMeIOT KOMMaKTHYIO CTPyKTypy HM MH- 
HHMaJIbHO MpOHHaemMbl Wid YO, B pesybTaTe vero FAMKOIM3 MpakTHyecKH 
OTCYTCTByeT. CmocoOHOCTb MHTOXOHApHH COxpaHATb KOMMaKTHY!O CTPyKTypy, 
yRepxkuBad mp 9Tom YQ, ocyilecTBAeTCA C 3aTpaTOH MaKPOSPrHyecKUX CBA- 
sei AT® mw nostomy fouoKHa pacCMaTPpHBaTbCA KaK AaKTHBHbIK mpouecc. IIpu 
HapyuleHuu 2%e OalaHca AT® memOpaHbI MHTOXOHApPHA WedopMupytoTca, Ha- 
cTylaeT HaOyxXaHve MHTOXOHIpHu WIM Apyroe u3sMeHeHve HX CTpyKTypbl. I]pu 
3TOM CBA3b YM c memMOpaHamMu Hapyuiaetcs, YM nepexoguT B rvasonsasmy, 
4TO CONPOBOKAeTCA NOWbEMOM TVIMKOJIH3A. . 


WucruTyt 9KcnepHMeHTasbHOR Me/MIMHDI MocrynHio 
AkajeMHH MeQHIHHCKHX HayK CCCP 20) Al 1960 
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BHOXHMHA 


A.| K. POMAHOBA, H. I. JOMAH u 3. A. TEPEHTbEBA 


BJIAAHHE BO3SPACTA KYJIBTYPbI HW COCTABA MHMTATEJIbHONM 
CPEf{ibl HA MPOAYKTbI ACCHMHJIALLUN C40, BOJOPOAHbIMH 
BAKTEPHAMH 


(ITpedcmaeaeno axademuxom A. H. Onapuxsim 8 XII 1960) 


4 Panee cooOulanocb (',*), uTO mpH 3-ceKyHAHOM XeMOCHHTese BOJOPOAHEIX 
_ MMKpoOOOB B NPHCyTCTBHM ABYYrvieKHCON COAbl HIM yrmeKuCOrO raza, MeyeH- 
 abIx Cl*, 4 mocneqyrolulem xpomMaTorpaduyeckoM aHanuse MeueHOrO MaTepnana 
OCHOBHAaA paHOaKkTHBHOCTh OOHapyxXKuBaeTCA B MATHe, JaieKO MposBurato- 
_mlemMca Ha xXpoMaTOrpaMMaxX IIPH MpHMeHeHHH pacTBopHTeneli, cosepKalllux 
“mOAKUCeHHbI OyTaHon. pu yBenwuenuu skcnO3MILMH MUKpOOOB B MpHcyTcr- 
| BHH payuvoyrmepona fo 15—30 ceKk. OTHOCHTeIbHaA PaHOaKTHBHOCTb MsATHA 
_ YMeHbUIaeTCA H MOABJIAIOTCH HOBbIC PpaHOaKTHBHbIe BelleCTBa, PaBHbIM OOpa- 


' 30M aMHHOKHCsIOTEI. PagwoakTHBHOCTb B docdopHLIxX sdupax oOOHapyKuBaeTca 
_AOBONbHO T030HO MH OObINHO He JOMMHHpyeT cpeqH Apyrax MeueHBIX 
- MpoxyKTos. 

_ Bsugy Toro uTo paGotamu Apyrux asropos (°*,*) B yNcne paHHux MpomyK- 
_ TOB X€MOCHHTe€3A BOOPOAHHIX OakTepHH OOHapyxXeHbl B TepBy!O o4epeb choc- 
_ dormuuepHHoBad KuCsoTa MH dociaTbl caxapoB, HaMH OblO CAeaHO Mmpesnovo- 
" %KeHHe, 4YTO COCTAB MpOAyKTOB (PUuKCAILMM YrIeKHCIOTLI MOXKeT ObITh pasIHy- 
_HbIM B 3ABHCHMOCTH OT BO3pacTa OakTepHasIbHOH KyJIbTypbI. I]pH STOM MbI HC- 
XOAMIM 3 MpemMocbiKH, 4TO B CTAPbIX KyJIbTypaX BeCbMa 3aTPyAHUTeJIbHO 
_MOJIY4UTb X€MOCHHTe3 B YHCTOM BHJe, TaK KaK B 9THX YCJIOBMAX MOXKET Mpo- 
“WCXOJMTb reTepoTpodHaa accumusauna CO, 3a cueT SHEPrHH OKHCeHUA Op- 
ee BellleCTBa, HaKallJIMBalolleroca B cpeye MpH aBTOJH3e OTMUPato- 
|" UMHX OakTepHaIbHbIX Te. IlostToMy HaMM Obl MOCTaBJIeHbI OMbITbI, HMeBLINe 
UeJbIO CpaBHUTb MposyKTH duKcanun CO, KysbTypaMU BOJOPOAHIX OakTepuh 
| PasJIHMYHbIX BO3PacToB. 

> Jina onpiroB Obliu B3ATHI MOsOLaa, B Bue cma6o 3aMeTHOM MYTH, 3-cyTOY- 
“Had KyJbTypa; OObl4HO NPHMeHABUIAACA B Apyrux HauIMXx OMbITax 7-cyTOUHAaA 
| KYyJbTypa; CpaBHUTeIbHO cTapan, 14-cyTouHad, KyJIbTypa. 

_  BaktepHu pa3MHoxwKasHcb B XKHIKOM MMHepaJIbHOM Cpee, Yepes KOTOpyt10 
“MIpoly? anacb cMecb ra3oB, cocTosmlad u3 60% He, 15% CO, wu 25% Bospyxa. 
OKcnosuunu B aTmocdhepe, cosepxamue CO., mposomm«uTenbHocTHIO 5, 15, 
30 cek. OCYyIecTBIAIHCh B KaMepe, IvaBaiolleH Hay PTYTbIO, NO MeTOAy, Ony- 
| OKOBaHHOMy pauee (2), C TeM OTJINUHeM, UTO B KaMepe CO3LaBasacb aTMocdepa, 
“cofepxaman 15% meyeHoli yrnexucsotpl, 60% Hz uv 25% Bosfyxa. 
_Cimprosple skKcTpaKkTbI. CofepKallive MpakTHyeCKH BCIO pajHOaKTHBHOCTh, 
“BBICYUIMBaIMCb B BakyyMe IIpH KOMHATHOM TemMepaType;, MoJIyseHHble Cyxue 
“OCTATKH paCTBOPANHCb B BOJe, H 3TH PACTBOPbI HAHOCHJIMCb NOMOCOM Ha Of- 
HOMepHBIe XpomatTorpammpl. PasyeneHve mpokyKToB accuMusnaunn CO, mpo- 
“W3BOJMJIOCb C MOMOI[bIO pacTBOpHTeiA OyTaHOI — eqaAHaA YyKCyCHas KHC- 
nota — Boga (78: 20:50), mpomycKkaemoro BOCXOJAIIMM TOKOM B TeyeHHe 
2° cyTox. 

_ Tlonyyennpie paqvoastorpadbl mpezctrapsenbl Ha puc. 1, M3 KOTOporO BH- 
HO, UTO MATHO PaHHero MposyKTa X€MOCHHTe3a XOPOUIO OTJCMHMOCb OT OCTAJIb- 
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HBIX BellecTsB. [Ip caMoli KOpOTKOM SKCMOSHIMH (5 CeK.) MATHO paHHerO Hpo- 
AyKTa COcTaBIAeT MOMaBAIOWyIO YaCTb PAaMHOaKTUBHOCTH, o6Hap yKHBaemon 
Ha XpOMaTOrpaMMe C TIOMOU[bIO PeHTTeHOBCKOH IWI€HKH, Y 3- WH 7-CYTOUHbIX 
KYJIbTYp BOMOposHEIX MUKpOOOB. HeckoNbKO HeOMKUAAHHBIM OKA3aJIOCb OTCYT- 
CTBHe MATHa paHHero MpoyKkTa XeMOCHHTe3a Y 14-cyTOUHBIX MUKpoOOoB, Tak 
Kak OOULAad HHTeCHCHBHOCTh accumuaanun CMO, sTHX OakTepHi He ycTynaeT 10 
BeJIMYMHE MHTCHCMBHOCTH (PHKCaLLMH YIVIeEKMCNOTEI MOJIOOH KyJIbTypow OaKkTe- 


pul B Bospacte 3 CyTOK. 


Puc, |. [lponyKrst KpaTKoBpemMeHHoro xemocHHTesa B COs: KyJIbTyp BOJOPOZHEIX MHKpOOOB 

pasmMuHOrO BO3pacTa. a — skcno3sHNHa B CHO. — 5 cex., 6 — 15 cex. BYB — 6ytanon — 

eqaHad yKCycHad Kucnora—sona (78 : 20: 50). J — auuunx crapta, 2— 30Ha pacnowomwKeHHs 

tboccopuEx supos, 3 — acnaparuHoBad KucwioTa, 4 — railoTaMHHOBaH KHCIOTa, 9 — a-alaHuH. 
KpecToM oTMeyeHO payHOaKTHBHOe MATHO TepBoro MpoLykTa XeMOCHHTe3a 


Hanmune naTHa panwero npowykTa XeMOcHHTesa Ha paj\MoxpomaTorpammax 
9KCTPaKTOB M3 CaMbIX MOJIOZbIX KYJIbTYP BOJOPOHbIX OakTepHii CHUMaeT TIpedy;. 
MOJIOXKEHHE O BOSMOXHOCTH reTepoTpoPHOH accumunaAunH CMO, 3a cueT SHEp- 
rH OKHCJCHHA OpraHWyecKHX BeuleCTB, OOpasyloWlAxcA pH aBTOJIM3e OTMH~ 
parolllux KJIeETOK B cTaperouleH KysbType OakTepui. ye 

Jia Toro 4ToObl OKOHYATEIbHO yOeAHTECA B NPaBHJIbHOCTH 9TOFO BbIBOMA,. 
HaMM OblJI MOCTAaBJIEH CMeUMasIbHbI OMIT, B KOTOPOM CpaBHHBaJIMCb MIpOLyKTHl, 
oOpasyrouluecaA MpH Xe€MOCHHTe3e, C COCTABOM MIPOAYKTOB, OOpa3ylouuxcA MpH 
reTepOTpo@HOH accHMHJIAIHH MeyeHOH yruieKHCJOTHI. OnbIT CTaBHJICA cueyro-. 
uum OOpasom. B I BapHaHTe ONbITOB MUKPOOGHI BbIPAallMBaMCh Ha %KALKOH MH-. 
HepaJIbHOW Cpejle, Yepes KOTOPylO NpoMmyckasacb CMecb BOMOPOAA, .yrueKHCJIOrO 
rasa M BosjlyXa, KaK OMMcaHO paHee (xemocHHTes); BO I] BapHaHTe B MHHepaJIb- 
Hy!O cpely Opiio0 ZoOaBseHo 0,5% MpekBapHTebHO HeliTpalH30BaHHOH AOOU- 
HOH KUCJIOTbI, IIpH¥eM Mpomyckaemas cMecb ra3soB cocTtosma u3 60% He, 
15% CO, u 25% Bosqyxa — retepotpopuaa cuxcauua CO.; B III Bapnante., 
Oplla B3Ta MHHepaJbHas cpella, cofepxKatlad AO NOUHyIO KUCAOTY, HO Mpony- 
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CKaJlaCbCMeCb Fa3oB ,cojlepKalllad BOLOPOA.IKCHOHMpOBaHHe MUKpooos I u III Ba- 
PHAHTOB OCYIIeCTBIAIOCb OObIMHBIM O6pa30M B KaMepe, cogepxamel 60% He, 
(15% CO, wu 25% Bosfyxa, Tora kak JA ONbITa MO reTepoTpodHol cbuKcalun 
‘CO, Obiia MpuroToBeHa Kamepa, cogzepxamaa 15% CMO, B Boszyxe. IIpogou- 
XKUTEIBHOCTH SKCMOSHIMH B CMO, B 3TOM onbiTe Obima 15 u 300 cex. Ilocne y6u- 
BaHHA OakTepHii XOJIOQHbIM MOMKUCJICHHBIM 3TAHOJIOM paCTBOPHMbIe MeyeHbIe 
MpOYKTbI NepeBowusucb B BOY. Ja BLIACHeHUA pactipekemeHHA palwoaKTHB- 
-HOCTH To PpakUMAM OMNBITHBIe paCTBOPLI BCeEX BaPHaHTOB OMbITa OOpabaTHIBaIHCb 
cHauala KaTHoHUTOM KY-1. B amMuauHoM 3m10aTe Cc 3TOrO HOHOOOMeHHHKAa 
ompefeiamach pafWoaKTMBHOCTb (pakwuu amuHoKucnoT. Tlocne yyanenua 
AMHHOKHCJIOT H OMpeyeseHUA payqWoakTHBHOCTH pacTBop, CosepxalllMi meueHbie 
i caxapa, OpraHWyeckHe KHCJIOTHI 


Ta6auna 1 vu ux cochopHble sdupy, oOpa- 

Pacnpenemenue paquoakTuBnoctu no dpakunaM OaTbIBasicaA aHHOHUMTOM J[ay- 

mocme oOpadoTKu KaTHoHHTOM K Y-I u anvonutom 9kc-3. PanuoakTHBHOCTb pac- 
Tlayakc-3 BOAHEIX SKCTPaKTOB U3 BOJOPOLHbIX TBOpa Tlocyle yaJIeHHA OpraHu- 


i 14, 

OakTepuli pw accuMusaAnun CO, B TeveHHe yeCKHX KHCOT u (cocbopHEIX 
300 cek. (B NpOleHTax OT HCXOZHOM payquoaKTHBHOCTH 

9KCTpakra) 9(PUpPOB COOTBETCTBOBAaNAa payHo- 

AKTHBHOCTH MeC4YeCHBIX CaxXapOB. 

. bs hoch PajlvoakTHBHOCTb (bpakiuH doc- 

Ycnosua buxKca- PakuuaA | Opaxuua | rawud. KHCH. (OpHBIX 3cupoB 4 opraHHgec- 
yuu CO, aMHHOKUC-!| caxapop | u ocopHEIx ; 

HOT siabee KUX KHCJIOT OMmpesesamach 10 

pasHOCTH Mey paqWOaKTHB- 


HOCTbIO pacTBOpa Moce oOpa- 


XeMocHHTes 09,0 BZ. 3 4,4 


_ Xemocuntes + } OOTKH KaTHOHHTOM UH Pamodk- 
_ -Lrereporpoo- THBHOCTbIO, OlpeesAemoH Moc- 
Had PUuKcaluA fii, 14,0 6,8 Jé OOpa6oTKH pacTBopa aHHo- 
Tetepotpouaa “— HUTOM. 
| duKkcannsa 83,6 Zine DiaO 


M13 2aHHbIX, IpeACTaBJIeHHBIX 

BTa6u. 1, BUAHO, YTO HanOOb- 
We PpaqWOaKTHBHOCTHIO (pakUMA AMMHOKUCJIOT OGMaaeT pH reTepoTpoduort 
épuKcainn CO, u HavMeHbilleli — mpH XeMOCHHTe3e, Tora KaK Caxapa,HaoGopor, 
) CHJIbHee MeETATCH IPH XeMOCHHTese MH culabee — npn reTepoTpodHoH duKcalHn 
-C¥“O,. BapuanT co cMeliaHHbIM THOM accumuasniaMu CMO, 3aHuMaeT B STUX 
OTHOUIeHHAX TIpoMexKyTouHoe nooxKeHve. PaynoakTHBHOCTh (pakUHH opra- 
HM4eECKHX KHCJIOT HM POCHOpHIX sPUupoB BeCbMa MaJIa, H pas/IMuUuA, OOHapyxKeH- 
HbIe B pa3HbIX BapWaHTaxX OMBITOB, He MpeBbillialOT OWHOKH OlpeleeHua. 
TloppitieHve payvoaKTMBHOCTH caxapoB MIpH flepexofe oT retTepoTpoduok 
| duxcanuu CMO, k XeMOCHHTe3y 3HaUHTeJIbHO H BeCbMa NOKa3aTeJIbHO, Tak Kak 
" HanOMMHaeT U3MeCHeHHe CoOTHOIIeHHA palvoaKkTHBHOCTH STHX TpyNl BelllecTB 
Ip cmeHe reTepoTpoduoro cioco6a oOmeHa aBTOTPOHLIM B Tporecce nosese- 
HHUA STHOMMPOBAHHBIX JIMCTbeB pacTeHul (°, °) HIM Mp cpaBHeHHM MpojslyK- 
' TOB, OOpasyrolluxcad Mp TemMHOBOM crocobe ycBoeHun C!@O, u mpH doro- 
 cuntese (’, °). 
' Jina o6HapyxkeHua paHHUXx MposyKToB accumula CMO, BOJHEIe SKCTPaKTHl 
M3 (PMKCHpPOBaHHEIX HM BbICYIMeHHbIX OakTepHaIbHBIX Te nocne 3-CeKyHIHOH 
* accuMusanun C'* HaHOCHIMCb Ha XpOMATOrpaMMLEl, H MeYeHbIe MPOAYKTbI pasye- 
; JIANUCbh C IIpHMeHeHHeM CHCTeMbI pacTBopuTeviel: 1) BOMOHACHIIeHHbIM n-OyTa- 
* Hom — 85% MmypaBbuHaa KucnoTta (9: 1); 2) Hx-OyTaHo — eqaHaa yKcyc- 
Has KucnoTa —Bofa (78: 20: 50). 

Tlonyuenuple payvoxpomatorpamMbl u300pa2KeHbI Ha puc. 2. Herpyquo 3a- 
Me€THTb, 4YTO NATHO paHHero MposyKTa XeMOCHHTe3a, COCTABJIAIOMee 3HAYHTEJIb- 
-HYIO UaCTb payvoakTHBHOCTH B I BapHaHTe, MOJIHOCTbIO OTCYTCTByeT IIpH reTepo- 
TpodHou duKcanun C4Oz, Ho culef{bI Ero IpHCYTCTBYIOT B BapHaHTe CO CMeLIaHHbIM 
THIIOM accuMusanuu C!4O, (Ha puc. 2 He mpesctapnen). IlomyueHupie JaHHble, 
HO BCe€M BEPOATHOCTH, ABJIAIOTCA JOKASaTeJIbCTBOM TOTO, UTO NOABJIEHHeE MHTepe- 
icyloulero Hac mpoysykta accumusainn ClO, CBA8aHO C TIpoleccoM XeMOCHHTesa 
BOJOpOAHEIxX OakTepHit. 


16 JKAH, vr. 138, Ne 1 
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Pema 


Puc. 2. Ilpogyxrsi, o6pasyiouluecs B Telax BOMOPOLHbIX MHKPOOOB 
IIpH KpaTKOBpeMeHHOM xXeMmocuHTese (a) u reTepoTpOdHOH cukcallHv 
(6) COs. 5, M — sogonacenmenubii 6yTaHos — MypaBbHHaa KHC- 


gota (9: 1). OcTambuble O6o3HayeHHA Te xe, uTO Ha pu. | 


IIpupoga STOrO NpOAyKTa NWOKa elle HeEW3BeCTHa, OMHAKO MOMKHO IpeioJa- 
Larb, ito ITO HeCTOHKoOe coesMHeHHe, BCJIEICTBHe Gero ero yaeTCHA oOHapy- 
2KUTb He TIpW BCex cmoco6ax oOpaoorTKy, IIPHMCHAeCMBIX B HaCTOAIee BNeMHA 
OOJIbIIHHCTBOM UCCIeMoBaTesen. 


VuctutytT Ovoxumun um. A. H. Baxa Tlocrynuuo 
Akajemun Hayk CCCP 7 XII 1960 


HMTMPOBAHHAA JIMTEPATYPA 


1H.T. Toman, A. K. Pomauosa, J[AH, 128, Ne 5 (1959). 2 A. K. Pom’a- 
HoBa, H.T. Loman, Muxpo6nonorna, 29, No6 (1960). ® F. Bergmann, Dissert. 
Abstr., 17, 9, 1885 (1957). *B. McFadden, J. Bacteriol., 77, Ne 3, 339 (1959). 
5H.Y. Toman, A.A. Kpacuospcexkunt u gp., Musvon. pacr., 8, Ne 1 (1961). 
SN, Tolbert, Fo Gailey, Plant’ Physiol’, 30, po 0.49! | (1950) an cee aeons 
son, M. Calvin, J. Exp. Bot., 1, Nod, 63 (1950). ® H.Y. Toman, Buoxumus, 21, 
Ne 1, 78 (1956). 


204 


Si ad. 


ee, 


a 


ee 
eee 


SSS ESS 


Hokrnane Akanemun HayrK CCCP 
1961. Tom 138, Ne 4 


IKCHEPHMEHT AJIBHAA MOP@OJIOTH A 
A. A. BOATKEBHY 


PYMOPAJIBHOE BJIVSSHHE HEMPOCEKPETA MPEOMTHYECKHX 
AMEP HA METAMOP®0O3 JIAUHMHOK AM@®HBHEL 


({Tpedcmaeneno axademuxom H. H. Ill maavczaysenom 25 XI 1960) 


B 9kcMepHMeHTax Ha JIMYHHKAX pa3HbIX BUAOB GecxBocTbIX amcpHOuii, mpo- 
BOAMBIUAXCA B HallieH MaOopaTOpHu B TeyveHHe pAfla JIeT, MOKasaHa TeCHad 3a- 
BHCHMOCTb MeTaMOpdosa OT per yJIHPYIOULNX BJIMAHMI CO CTOPOHbI WeHTpOB mpo- 
MexKyTOUHOrO Mosra (*, °, *). YqaneHue mpomMexyTouHoro Mosra JO HaCcTyMVIe- 
HHA eCTECTBEHHOFO MeTaMOpto3a pe3KO TOPMO3HT HJIM JaxKe oOCTaHaBJIMBaeT 
nocJiefytollee pasBuTve. B oOactTH nepeqHero BeHTpasibHoro yray6senua III 


%KedyfOukKa, B OOKOBbIX CTeCHKAX TAK Ha3bIBaeMOli NPeONTHYeCKOH AMKH MpoMe- 


*KYTOYUHOTO MO3Ta, JNOKAIM3yIOTCA KPYNHbie CKOMICHHA HelpOHOB, kovTopble 


oOpasyloT CcekpeT, NMOCTyNMaIoOMIN yYepe3 MpeoNnTHKO-rHno@HsapHHIM TpakT (BO3- 


MOXKHO, H APyrMMH llyTAMH) B HeHporunodus (°, ®, °, 4, 1). Ito Hacrosnero 
BpeMeHH He MOJIYYeHO NPAMBIX TOKa3aTeJIbCTB BIIMAHUA HelipoceKpeTa Ha TH- 


 peaTpoduyto byHKUHIo alleHorunodu3a u WUTOBMAHYy!0 wenesy (1°). Vayuenue 


| 


WHTOJOrH4YeCKHX H3MeHEHHH MpeonTHyecKOH OO6NAaCTH MO3BOHJIO HaM Mpocuie- 
AHTb Ppa3BHTHe HeMpoceKpeTOpHOro Mpolecca, yCHJIMBalollerocA c HaCcTyMe- 
HHeM MeTamopdosa (*). IIpampie xe JOKasaTeIbCTBa 3aBHCHMOCTH MeTaMopdo3a 
OT HeHpocekpeta MpeontTHyeckuxX Aep MbI MpesnoONaradH NOMYIHTb B YCJIOBMAX 


| SKCHePHMeHTaJIbHOrO yaJIeHHA B COUeTAHHH C 3aMellariollen TpaHCcianTaunet 


NpOMexKYTOYHOrO MOSra y JIHUHHOK pa3HbIX CTa,WH pa3BATHs. OHOBpeMeHHO 
NpeACTaBJAaCb BO3MOXKHOCTh YTOUHHTb uala30H BJIMAHHH Helpocekpeta Ha 
THPeoTpomuy!0 PyHKUMIO runou3a NpH Hap yWIeHH HeEPBHBIX CBA3eH, TeM Oowlee, 
4TO M B HOPMe HelipaJIbHbIli NyTb Mepeqauu HeHpoceKpeTa He HCKIOUAaeT eFO ry- 
MOpaJIbHOrO JeHCTBHA. 

Hamu onpitbl ObivId MpOBeeHb! Ha FOMOBACTHKAX TpeX BHAOB JIATYWKU H 3e- 
JIeHOH waOni (cM. Ta6. 1), NpHuemM HCnoOb30BaHHbIe BUbI JIAPYWIKH elle He 


Ta6Onuna 1 
Onepanua Uncso0 ONepHpOBaHHbIX JHYHHOK 
D 
ae na Pelobates Bombina ou 
Td (cbeqoonax fuscus bombina (genenaa 
t d utd ASPyKa) (yecHOUHHI a) (wKepasaHKa) Kaba) 
—_ = —_ 30 85 65 50 
+ — a 16 86 93 42 
+ + _ 34 426 422 86 
+ — oe 20 107 18 81 
+ + + ag 42 66 89 
Utoro 6bi0 npo- so 
onepipoBaHo 144 446 364 309 
V3 HX BBDKHJIO 
Tlocuie onepauHu 109 361 299 303 


ABANUCh KOFa-s1H6O OObEKTOM AHaJIOFHYHEIX 9KCHepHMeHTOB. Ham matepHaw 
XapaKkTepH30Ba/ICH S3HAYHTebHBIMH TAKCOHOMHYeCKHMH Pa3/IHYMAMH B CKO- 
POCTH AMYMHOUHOFO pasBHTHA H B COOTHOWIEHHM MexKy pocToM u jMdxpepen- 
IHPOBKOH OpraHv3Ma, B YeM MPOAB/JAeTCA CBA3b C BHJOBBIMH THCTO-ChHsHOVIO- 
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PHYeCKHMH OCOGeHHOCTAMH SHAOKPHHHBIX 2Keves (*). MeroquKa uacTH4HOH Je- 
epeOpauun Obima onmucana panee (°, 7). Yganenve (D) oTsen0B rouoBHoro 
MO3ra TpPOHSBOAMJIOCh B CJeAYIOUUX BapHallMAX: AMIyTalMA KOHeYHOrO Mo3ra 
(t) Ha rpaHuite C NpoMexXYTOUHBIM, H3bATHe MpoMemyTounoro Mosra (d) yepes 
OpCaIbHy!0 CTeHKy Yepela HM AMIMYTAaIMA MpOMe*KyTOUHOrO MO3ra BMECTE C KO- 
HeuHbim (td) Ha rpanuie c xHa3Moli. B nocmeqHux AByX BapwaHTax (uM Tem Oo- 
lee B IlepBOM) HepBHbie H COcyAMCTHIe CBASH TMNOpH3a HeMocpesCTBeHHO He 
3aTParHBaJINCb, YTO HeEOMHOKPAaTHO ObLIO MOATBEp%KAeHO THCTOMOTH4YeCKHM HC- 
cmeqopanvem. Bo Bcex BapHaHTaX OMbITa OMepHPyeMbIM JIMUMHKAM IIpOH3BO- 
quulacb Tpancnuiantauua (T) (roMo- WIM reTepo-) MpoMexkyTOUHOrO Mosra, He- 
MOcpeAcTBeHHO OpaBieroca OT JIMYMHOK TOM 2Ke WIM. APyrHX CTaqHu, a Takxe 
OT MOJIOQbIX H B3POCJIbIX JIATYyLeK. 

Toosuble OT{esbI MOMOMbITHBIX JIMYHHOK Mo32%Ke NOABepraidch PHCTOJIOrH- 
yeCKOH OOpa6oTKe, MO3BOJIABLIel KOHTPOJIMpOBaTb YPOBeHb HMeBIIIeH MeCTO ~ 
aMIHYTaluu, COCTOAHHe TpaHCMaHTaTa, HaMyuHe HeHPpOCeKPeTOPHBIX Kaleb 
MW Tpany, cocToAHve Joveli runodu3a HM WMTOBYAHOH 2xesesbI. Mp ‘pacnona- 
rama 1072 onepHpoBaHHbIMH JIMUMHKaMH, KOTOpble COXpaHHJIM *KM3HeECTIIOCOO- 
HOCTb MOCJI€ 9KCHepHMeHTaJIbHOrO BMellaTeJbCTBa (rHOeb ONepHpOBaHHbIX 
JIMUMHOK Oblla He3HAUHTebHOH); y 84 OblIO MpOusBeseHO yaeHHe Mpomexy- 
TouHOrO Mosra, y 531—mpomexyTouHOrO H KOHedHOrO,y 457 — TObKO KOHe4- 
Horo. HavGouibiiiee uMCO ONnepallMH Oblvio MpOH3BeAeHO Ha JIMMMHKAX, B CTa- 
RMMHOM OTHOUeHHH HAXOMMBINHXCA HeMOCpeACTBeHHO Mepeq HauasIoM ecTe- 
CTBeEHHOFO MeTaMopdo3a, Ha Tak Ha3piBaemol II16 cragun (7, *). ia cpapHenua 
ObIMO HCMOJIb30BaHO 235 HOPMAJIbHbIX TOJIOBACTHKOB, KOTOPbIe ABJIAJIMCb KOH- 
TPOJIbHBIMH H He MOABeprasiuCb OlepaTHBHOMY BMellaTembcTBy. [lepea mocta- 
HOBKOH KaKAOFO OMbITa Y4HTHIBANOCb HMCXOAHOe COCTOAHHe JIMYHHOK, OpaB- 
WIHXCA B OMbITHbIE HM KOHTpOJbuble CepHu. Jia 9STOM We Obl MpOHsBeqeH 
MpelBapuTebHbI 3a6oH 85 romoBacTHKoB. CBeqeHua O KOMUeCTBE Halllero 
MaTepHaJia 0 BHJaM JIMYMHOK HM paciipesesieHHuM ero NO BapHaHTaM onepaluit 
mpeAcTaBeHbl B Ta6. 1. HeoOxoMMMaA TOUHOCTh TPH YCTaHOBJICHHH pasHHILbl 
MexKLY OMe€pHPOBaHHEIMH H. KOHTPOJIbHbIMH JIMYHHKAaMHM BBIABIAaCb pH 
OKOHUAHHH KaKJOFO OMbITa Ha OCHOBEe PxANa JIMHEMHbIX H BeECOBbIX NOKasaTevieH, 
Kak 9TO y2Ke HeEOMHOKpaTHO Jeslanocb Hamu paHee (?). 

YyasleHhe TOMbKO KOHeEYHOO MO3ra He COMPOBORAaOch 3afepxKKOH B OO- 
IM Pa3BUTHH JIMYMHOK; Ooslee TOO, B OTAEJIbHbIX CYGaAX Mbl OTMeUAaIIN Jake 
HeKOTOpoe ycKopeHve pasBuTHA. YameHve MpoMexKyTouHOrO Mo3sra (OTJebHO 
HJIM OMHOBPeMeHHO C KOHEYHBIM) IIPHBOAWJIO K pe3KOMY TOPMOXKeHHIO MeTaMOp- 
cbo3a WJIM %Ke MOJIHOMY eFO NMDeAOTBPALeHHIO, eCJIM ONepallHA MpOH3BOMIAaCb 
34 HEKOTOPbIM CpoK Jo efo eCTeCTBeHHOFO HacTyeHHA. OcTaHOBHBLIIHecaA B 
CBOeCM Pa3BHTHH ONepHpOBaHHble JIMYHHKH MocTeNeHHO NpHoOpeTaiM o4eHb 
TEMHYIO OKpaCKy B COY¥eTaHHH C MporpeccupyrolleH rHApodusIbHOCTHIO JIMUH- 
HOUHBIX TKaHeH. OTa TpMaya: 3ayepo%KKa MeTaMopdo3a, PMMepmHrMeHTalua H 
MOBbILNCHHaA PHAPOMHbHOCTh TKaHeH — ABJIANACh CTOHKHM pe3yJIbTaTOM yj\a- 
JI@HHA MpOMe*KYTOUHOTO Mo3sra. 

B Ta6ul. 2 MpHBeqeHbI CpeqHve WH@pbl pesybTaTOB OCHOBHBIX OMbITOB 19 
yAasIeHHIO OTAeIOB TOMOBHOrO MO3ra HM 3aMelLalouluM MepecaykamM B OO/aCTb 
TOJOBHOrO Mo3ra MpoMerKyTOUHOrO MO3sra y pa3HbIX BHAOB ampuouii. 

Vs conocra3ieHia WAdppoBbiX AaHHbIX BHZHO, YTO MepecayKa MpoMeKyTo4- 
HOrO MO3Ia BbI3bIBaIa OTUETIMBYIO CTHMYJIAWHIO MeTaMopto3a, pe3KO TOPMO- 
3MBIUerocA Mocne yaleHHA Mpeontuyeckoi oOactu (cp. cepuu Dtd + Td 
ec Dtd 8B kKaxyom onbite). 

Oxasayocb, 4To HaHOouee abieKTMBHOH ABAAeTCA MepecayqKa B oOaCTb 
NOBpeKLalowleroca MpH wacTHyHOH JellepeOpawuu rosoBHoro mosra. Mmnuan- 
Tals TOrO Ke MaTepHasla B OpIOWIHy!0 MOMOCTb He OKa3blBaeT CTHMYJINpyiolle— 
TO BIHAHHA Ha PaSBUTHe JIMYHHOK, 3aepKaBWIHXCA B CBOCM Pa3BHTHH MOA 
BJIMAHHeM YaCTHYHOK MellepeOpalyu. 

B pane mocielyioulnx OMbITOB COBepUIeHHO OAHOPOAHHIM TOJOBaCTHKaM IIpo- 
H3BOAMJIaCb TpaHCIaHTaluA B OONaCTb yJaieHHOrO MpoMexKyTOYHOroO Mo3ra 
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Onepanua 


JHUHHKH 


XBOCTAa 


TaOauna 2 


Suauenue Tuna onepanun 


KoutTpowp 
Dtd 
Dtd-+ Td 
KoutTpoup 
Dtd 
Dtd + Td 
KoutTpoub 
Dtd 
Dtd-+ Td 
KouTpoub 


Dtd 
Dtd-- Td 


ie 
72 
60 


3HauYeHHe MecTa TpaHCIMaHTaunun 


KouTpoub 
Dtd 
Ditd+Tds 
TOJIOBHOH MO3r 
Dtd+ Td B 
OProlHy!0 MOJOCTb 


Koutpowp 
Dtd 
Dtd-++ Td B 
TOJOBHOH Mosr 
Dtd-+ Td B 
OprloliHyto MoOCcTb 


Ditd+Tds 

TOMOBHOH Mo3sr 

Dtd+ Td ps 
OprlolulHy!o MOOCTb 


SHayeHne cTawqMM pasBUTHA «OHOPay 


Koutpovp 
Dtd 
Dtd+Td II 
Dtd 
Dtd-+ Td II 
Koutpoub 
td 


D 
Did-+ Td or 
B3POCJIBIX OCoGeli 


KoutTpoub 
Ditd-+ Td II 
Dtd-+ Td Il 
Dtd-+ Td IV 
Dtd+ Td V 


KoutTpoub 
Dtd 
Dtd+ Td I 
Dtd+ Td Hl 
Dtd-+ Td 1V 


KoutTpoab 
Dtd 
Dtd+ Td or 
B3pOCJIBIX OcobeH 


67 
74 


70 
fh 


44 
44 
43 


Bec, mr 
Kumeu- | IM4HHKU | XBOCTa 
HHKa 
108 3362 1020 
249 4270 1040 
76 3750 830 
Bo oom 15 
106 857 81 
46 542 29 
Ti 618 130 
186 947 157 
90 540 132 
30 Doe, 9 
140 280 43° 
30 210 6 
246 3260 4025 
388 5849 1380 
159 3887 1070 
385 0866 4156 
54 640 120 
gay) 702 125 
70 680 140 
135 620 158 
64 040 120 
93 080 140 


Np TpanciManTalun 


197 3993 1005 
318 4817 952 
313 4067 857 
512 7323 1143 
266 4403 723 
238 3123 540 
350 3300 500 
274 4350 1100 
54 640 120 
70 680 140 
o7 620 102 
39 503 108 
64 540 120 
63 290 33 
129 338 78 
90 306 40 
114 320 58 
124 280 09 
134 180 42 
153 202 39 
106 160 29 
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BeULECTBA IPOMEXYTOYHOTO MO3ra OT B3POCJIbIX JIAryWIeK H OT JIMUMHOK pasHbIx 
ctaquit (II—V) pasBuTua (cm. Tau. 2). a ; 

M3 ta6a. 2 ciefyeT, TO OTHOCHTEIbHO CHJIBHbIM CTHMYJIMPYyIOULMM jeh- 
CTBHeM OOaaioT MpOMexKYTOUHEIM MOST JIMYMHOK YeCCHOUHHUbI WH KepJAHKU 
III u IV craguii, Trorga Kak mpoMexyTounpit Mosr na II crafquu cofxepxuT ene 
MasIO AKTHBHBIX BeleCTB (3a HCKJIOVCHHEM OfHOFO ONbITa Ha JIMUMHKAX 3eeHOH 
%KaObl), 2 B OTMEbHBIX CTYYaAX IPH eFO MepecayKaxX MMUMHKAaM C yaJIeHHbIM 
KOHCUHBIM MO3FOM HaGullOfaloch HeOosbINOCe TOpMoxeHHve pasBuTHA. Tlonyuen- 
Hbl€ JlaHHble MOKA3bIBaIOT, UTO Tepe, HaCTyMIeHHeM MeTaMOpdo3sa HM B ero Ha- 
yale COmepxKaHHe B MpOMe*KYTOUHOM MO3Te BeLCCTB, AKTHBUSHPYIOWIMX *yHK- 
WWuIO THMOpusa, ABMAeTCA HaHOoMee BLICOKHM. SaTeM OHO Ha4dHHaeT YMeHb- 
WWaTbCA HM OKa3blBaeTCA HaHOoOee HH3KHM IIpH ero OKOHYAHHH Ha V cTaguH. 
STH (aKTbI OKa3aJIHCb B COOTBETCTBHM C HalIMMM IpeMMecTBYy!ONIMMA HaOwIO- . 
JICHHAMHM Haj, PHCTOMOrH4YeCKOH CTpyKTypoH sayep mpeonTuyecKoH oO6macTu B 
lepHox, MeTamopcosa rosopacTuKosB (*). Y sH4YHHOK 2%KaObl OOpasoBaHHe Heli- 
pocekpeTa HauMHaeTCA HECKOJIbKO PpaHbille, YeM Y APyrHxX BULOB, TO NOATBEpx- 
qaeTCA MHKpOCKOMMYeCKHMH jlaHHbIMH HM pe3sy/bTaTaMM TpaHncnwianTalun 
mpomexkyTouxoro mosra. IlepecaqKu mpomMexKyTOYHOrO Mo3sra OT B3pocOH MA- 
TyWIKH B HallMX OMbITaX OKa3bIBaJIM HeKOTOpOe BJIMAHMe Ha pasBHTHe 4ac- 
THUHO JlelepeOpHpOBaHHbIX TOJIOBACTHKOB, HO TaKaA CTHMYJIAWMA OKa3zaacb 
BCe 2Ke MeHee 3HAUNTebHOM, UEM BJIMAHHe OMHOMMEHHOTO CyOcTpaTa OT JMUH- 
HoK III nw IV craguu. 

Tuctomornueckue J[aHHbie MOKa3aJiu, 4YTO mocie yaieHHA mpomMexkyTou- 
HOrO MO3ra HacTymaeT H pe3KO MporpeccupyeT peAyKUMA 3aqHeH Jou runo- 
(pu3a H Apyrux oTeN0B HeHporunopu3a, OcoOeHHO TOM ero OOacTH, M3 KOTOpOK 
cbopMupyeTca CpeAHHHaA BO3BbILIeHHOCTb. OTcyTcTBHe HelpocekpeTa B Helpo- 
rHmopu3se MOATBepxKAaeTCA MpH OKpacKke penapaTos no Tomopu uM asbfe- | 
ruf-pykcnuom. TpaucnmaHTayuad mpomMexkyTouHoro Mo3sra~ mpeloTBpatlaer 
peAyKUHIO CeKpeTOPHEIX TpaHys B HeHporMmodpu3se, XOTA MexKAyY HCTOUHHKOM 
HelipocekpeTa, KaKHM ABJIAeTCA MepecaxKeHHbIM MpOMeKYTOUHEIM MO3r, HM TH- 
MOPH30M JIMMMHKH OTCYTCTBYIOT HEPBHble CBA3H. OTH JaHHble, a TakxKe (peHO- 
MeH CTHMYJIAWMH MeTaMOpuuecKkoro mpomecca y 4acTH4YHO JelepeOpupo- 
BAaHHbIX TOJIOBACTHKOB COraCOBaHHO JOKa3bIBalOT BO3MOXKHOCTb H HawHune 
TyYMOpaJbHOTO BJIMAHHA Ha THMOpu3s HelpoceKpeTOPpHOH cyOcTaHHH, oO6pa- 
SYIOWeHCA B TIpeOMTHYeCKUX AMpaxX mpomMexyTouHoro mosra. Helipocexpert 
OKa3bIBaeT OTUCTJIMBOe BJIMAHMe Ha CHCTeMy TrHmMopu3 — IWMTOBMAHAA wKese3sa 
Ip ero BBeeHHH B OOacTb MO3ra. KowH¥eCcTBO aKTHBHOTO HeHpoceKpeTop- 
HOrO BellecTBa MpeAcTaBeHO B MpOMeKYTOUHOM MOSTe B OTHOCHTEIbHO OOuIb- 
WIOM KOJIM¥eCTBe Mepeq HacTyneHHeM MeTamopdosa. Ilo3xKe mnoHnuxKeHHe 
MeTaMOopdoreHHOH aKTHBHOCTH mpOMexKyTOUHOTO MO3sra cCueLyeT OObACHHTb 
yCHJIeHHeM TPaHCMOPpTHpOBKH HelpoceKpeTa B OOaCTb Helporunopu3sa u uc- 
NOJIbSOBaHHeM B OpraHH3sme. CTHMYJAWUA THpeoTpopHon dyHKuNN runmodusa 
CO CTOPOHEI MpeonTH4yecKUX SAflep OKa3asacb, MO HaUWIMM JaHHBIM, B KyYJIb- 
MMHAlHOHHbIN TepHOX MeTaMOpdo3a OTHOCHTeIbHO Oowlee BLICOKOH, UeM 39TO 
CBOHCTBEHHO OJHOMMeHHOM OO63aCTH B3POCJIBIX ampuoui. 
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Aoxaage Anagqemun nayxr CCCP 
1961. Tom 138, Ne 1 


QIKCIEPHMEHT AJILBHAA MOP@OJIOrHA 
A. H. MATBEEBA 


PETEHEPAIWHA KOCTEM CBOA UEPENA Y COBAK 
MPH NEPECAAKE JIMO®UJINSMPOBAHHbIX KOCTHbIX 
ONHJIOK H TBEPJOM MO3rOBOK OBOJIOUKH 


([Tpedcmaeaeno axademuxom A. H. Baxyaeeoim 15 XII 1960) 


B Hallux mpeqbiymux uccnefoBanunx (°,4) MBI paspaOaTbIBaiM MeTO, 3a- 
\ MeIIeHHA JedeKTOB Yepema pereHepupyrolleli KocTBIo. UepemHad kocTb, He 
_ cmocoOuHaa K pereHepalluH mp mpocTom ee yfaleHHH, pereHepupoBasa pu 
TpaHCMaHTaluu B OONAaCTh JedeKTa uepema coOakH CBEXKAX HJIH KOHCepBHpo- 
BaHHbIX KOCTHBIX ONWJIOK, B3ATBIX ayTO- WIM romMomuacTuyeckH. JlyuniMi pe- 
SYJbTaT Obl NosyYeH IIpH ayTOTpaHcMiaHTalluH KOCTHBIX omHmOK. PereHepa- 
IMA KOCTH MPOHCXOAUT B 9THX YCJIOBHAX TOJIbKO Ip COXpaHeHHH TBepAOH Mo3- 
_ Topo oOG6om04KH; eCIM ee yaIMTb, TO pereHepallMH KOCTH He MpoucxogUT 
_ MW OOsacTb JlesbeKTa vepera 3amomHAeTCA pyOlOBOll TKAHbIO, HECMOTPA Ha TpaHc- 
TlaHTawMio KOCTHBIX OMWJIOK. 
B HacTOsIeM HcCeqOBaHHM MbI MOCTAaBUJIM 3ayaueli BbISACHUTb Celyrowlee: 
1) BO3MO%KHO. IH MOMVYNTh pereHepalluio KOCTH, TpaHCMaHTUpyaA B OOAaCTb 
Hedekta vepena He CBexKHe, a MMOPUIM3UPOBaHHbIe KOCTHbIe OMHIKH; 2) BO3- 
MOKHA JIM pereHepalluaA KOCTH Mp 3aMelleHHH JeeKTa B TBepAOH MOSTOBOH 
OOoOOUKe MHOUMH3HPOBaHHBIM TOMOTPAaHCHaHTaTOM ee IIpH ayTOTpaHncmaH- 
TalHH KOCTHBIX OMMNOK. J[aHHbIX MO TpaHCMJIaHTalMH TBeEPLOH MOSTOBOH OG6o- 
AOUKH B OGMAaCTh JedeKTa ee B WHTepaType maso (?, ?). 
O6e cepHH ONbITOB ObIIH MOcTaBJIeHLI Ha B3POCJIbIX COOaKaxX B Bospacte Oosee 
2 net. JlecbeKT B TeMeHHOM KocTH, pasmepom 40 x 20 MM, 3allouHAJIM JecTpyKTH- 
POBaHHOM H3MeIbYeHHOM KOCTHIO, paciipeleiAA €€ PABHOMEPHO MO Bee OOMAacTH 
HeekTa, W 3akpbilBasH MpesBapUTeJIbHO OTMpelapOBaHHOM HAMKOCTHUINeH WM MbIILI- 
amu. KocTuble onWIKU, NOJyYeHHbIe OT FOHOpa HU CMeLllIaHHble C paCTBOPOM 
NeHHIUMIIHHA, B CTCPHJIbHbIX MpoOupKax MOMeULlaIH B CMeCb Cyxoro Jibla U 
96° sTuoBoro clupTa mp TemmepaType —78° Ha HeCKOJIbKO MHHYT, a 3aTeM 
BEICYIMMBaJIM B BaKyyM-aliapate mpH Temiepatype —30° B TeyeHue 14 uae. 
_ B nocaegyromue 35 uac BbICyIIMBaHHe MpOBOLMOCb yxKe IPH KOMHATHOH TeM- 
') mepatype. Ilpo6upKu c BbICyWIeHHbIM MaTepHaJIOM 3alanBaid MW XpaHHJIM pu 
KOMHAaTHOM TemMMepaType B TeyeHue 3 mec. IIpuroToBeHHbIe TaKHM OOpasoM 
KOCTHBI€ ONHJIKH BO BpeMA ONepallHH CMa4HBaJIM PpacTBOPOM TeHHIMIJIMHa U 
TPaHClMaHTUpOBaIN B OOMACTb KOCTHOFO eeKTa 2KMBOTHHIM B I cepHu ONBITOB. 
TBepfyi0 MosroBy1o O6on0uKY pu sTOM He NoBpexaiv. Bo II cepuu Kocrupte 
ONMIKM Opal ayTonsacTu4ecKM OT TOrO 2Ke CaMOFO XKMBOTHOTO BO BpeMA Ollepa- 
MM WM ynoTpe61au Ux B CBexKeM cocTosHHH. J,eekT B TBEPJOH MOSTOBOL O60- 
NOUKE, COCTABIAIONIMA MpUMepHO NMOOBHHY pasMepa KOCTHOrO JedekTa, 3a- 
Mela JIMOUIM3MpOBaHHbIM TOMOTPaHCIWIaHTaTOM TBepLOW MO3TOBOH OOouI0"- 
Ku. Pexum smopuamsaiun Obl TakuM %Ke, Kak M [MIA KOCTHBIX OMHJIOK 
-/8 I cepuu onpira. Tomorpancnmantat TBeplolt MOSroBOl OOOMOUKH 110 pasMepam 
» Obi Compute JeeKta; TpaHcHaHTaT He CUIMBaJIM C KpadMu JeeKTa OOoOUKH, 
) a mpocto noxBoxusmn ero nox Kpas JedektTa TBepoH Mo3roBol OOoIo¥KU. Ma- 
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TepHan dukcuposanu uepes 15; 30; 110; 185; 189; 237; 244; 275 u 288 queii 
Tloce onepallHu. 


I. TomoTtpauHcnaaHTagyuA AYOMUAUSHPOBAHHBEX 
KOCTHEX ODMWWOK 8, 00 uacT» mene Memena 
Ipu coxpaHeHHuH TBEPAOK MOSTOBOK OOOM0UKH 


Y >%KHBOTHBIX B J.AHHOM CepHH OMbITa poucxoyNNa pereHepalluA yepenHol 
KOCTH M oGwaCTb ObIBINero JedeKTa yepena BLINOMHsANIACb KocTbIO (puc. 1). 

15 nmHehH nocme onepauun. Kpas crapol KOCTM pe3ko OOpEIBa- 
OTCA y OGmacTH KocTHOro jedexta. [locieqHaAa 3anoiHeHa CoeqMHUTeIbHOK 
TKAHbIO HW KOCTHBIMH ONMWIKaMH. Y TBeEPAOH MOSTOBOH OOOJIOUKU COeAMHUTeIbHAaA 
TKAHb BOJIOKHUCTaA, C He3HaUHTeIbHLIM COfep2KaHveM KuleTOoK. BawxKe K Haji- 
KOCTHULe B COCJMHHTeIbHOM TKAHH HAXOLMTCA OOJbINOe KOJIMYECTBO KJICTOUHEIX - 
3JIEMCEHTOB, IIPCHMYIeCTBeEHHO (PHOPOLHTOB, HM OYCHb MHOFO KPOBeCHOCHBIX CO- 
CYIOB, MPOHH3bIBaIOMIMX STY OOACTb; KOJIareHOBbIX BOJIOKOH OTHOCHTeIbHO 
Maio. KocTHble OMWIKH MpeACTaBIAIoT COOOIO HeOOJIbUIMe OTJIOMKH OCHOBHOTO 
BeINeCTBa KOCTH, He COfepxKalllMe OCTeOWHTOB HM MOABepratoluecA pacTBope- 
HHIO — OKOJIO HHUX B 3HAYHTeEJIbBHOM KOJIMYeCTBE BCTPeualoTCH OCTeOKJIACTHI. 
IIpusHakoB HOBOOOpa30BaHHA KOCTH B OONAaCTH KOCTHOrO edekTa HeT. 

30 gwHeH Tocme OMepamwHu. O6nacTb KocTHOrO Jedekta 3anoui- 
HeHa CO@NMHHTeIbHOM TKAHbIO, B KOTOPOH HaxOJATCA yuaCTKH HOBOOOpa3soBaH- 
HOH KocTH. OkoIo TBepAOH MOSTOBOH OOOJIOUKH HaXOAHTCHA BOJIOKHHCTaA CoesH- 
HHT@IbHaA TKaHb, KJI@ETOUHBIX (OPM B HeH BCTpeuaeTCA MaJIO, KPOBeHOCHBIe 
cocyjIbl Takxe peKH HM paciOaraloTcdA TOJIbKO HenNocpesCTBeHHO Ha rpaHule 
C TBeplol MO3roBOH OGOJIOUKOH; Yy4aCTKOB HOBOOOpa30BaHHOM KOCTH HeT. 
Jlanbine oT TBepOH MOSTOBOM OGOOUKU B COeAMHUTeJIbHOM TKAHM MHOTO KJIeTOU- 
HBIX (opm (u6pob6sacToB, (bHOpOIHTOB) H KPOBeHOCHBIX cocyZoB. Hosooopa- 
30BaHHaA KOCTb ryOuaTaA; Oosee LuddpepeHUMPOBaHHble HU OowbuIMe 10 OObemy 
KOCTHBIe OaslOUKH HAXOJATCA HEMOCpeCTBeHHO y KpaeB cTapow KocTH. KocTupie 
OaJIOUKH MeHbIUHX pasMepoB pasOpocaHbI MO BCeH OONAaCTH KOCTHOrO JledeKTa 
B BUJe OTICIbHbIX HEOOJIbLIHX OCTPOBKOB (puc. 2). B HOoBOOOpas0BaHHble KOCT- 
Hble OaOUKH BKJOUAIOTCA YUACTKH OCHOBHOFO BellleCTBa KOCTHBIX ONMJIOK, OHH 
CHJIbHO Pa3BOJIOKHeHbI, H OKpacKka UX Oa30usbHa. [lospmenve HOBOOOpa30BaH- 
HOH ryOuaTOH KOCTH COMpoBoxKaeTcA tOpMupoBaHHeM B ee MeTMAX KOCTHOTO 
MO3ra — MMeHHO 3feCb pacioslaraeTCA PpeTHKYJIAPpHaA TKaHb HM paciliMpeHHble 
KPOBCHOCHBIe COCY{bI, TepenosIHeHHble (OPMeHHBIMH SJIeMeHTaMH KpOBH. Ha- 
Pay C HOBOOOpas0BaHHeM KOCTH B OONAaCTH KOCTHOrO JleeKTa, MpOMCxo_UT 
TaKKe OTOKeHHE KOCTHBIX IWIaCTHH Ha KpaH CTapoH KOCTH. 

110 q~HehH nocae onepauuu. OG6nacTb ObiBUero KOCTHOrO Je- 
(beKTa SamouIHeHa pereHepHpoBaBilieh KocTbIO (puc. 1a). Tlocnequaa mpeyctaB- 
JI@Ha HE CIIVJIOWHbIM MaCCHBOM, a BbIPOCTOM OT KpaeB CTapoH KOCTM HM pxJOM 
CPpaBHHTeIbHO HeOOJIbINMX KOCTHBIX OCTPOBKOB, paCNOJIO%KeHHBIX B LeHTpe 
oOacTH KOCTHOrO JeeKTa U He 3aMlOJIH AIOWLAX BCeli ero TOMI. OcTambHad 4acTb 
KOCTHOTO Jle*beKTa 3aIlOJIHeHA BOJIOKHMCTOM COeCMHHTeIbHOH TKaHbIO. Hoso- 
OOpa3s0BaHHaA KOCTb COePp2KHT KOCTHO-MO3IOBbIe MOJOCTH C KOCTHbIM MO3TOM — 
PeTHKYJIAPHy!0 TKaHb, C paClIMpeHHbIMH H 3aOMTbIMH (OPMeHHHIMH SJIeMeHTaMu 
KPOBCHOCHBIMH CHHYCaMM, Koe-rle C 2%KUPOBbIMH KJI€ETKAMH; OCTEOIMMTEI C yIVJO- 
ULCHHbIMH HW pe3KO OKPallleHHbIMH ApaMM paciosaraoTcA BOKPyr KOCTHOMO3T0- 
BbIX IlOJIOCTeH KOHICHTPHYeCKHMU CJIOAMH, T. €. HOBOOOpa3s0BaHHaA KOCTb 
oOulaqaeT yxKe TWwiacTHHYAaTEIM CTpoeHuem. B OCHOBHOM BelllecTBe ee KOe-re ene 
BCTPeualOTCH CHJIbHO PaSBOJIOKHeHHbIe HW Oa30PHJIbHO KpacaliMecd yyacTKH — 
OCTaTKH OCHOBHOrO BelleCTBa KOCTHBIX OMMIOK. Y MOBepXHOCTH KOCTH CO CTO- 
POHbI KOCTHOMOSTOBbIX ToOCTeH pacnouaraioTca ocTeoOmacTH. 

189 THeH Nocae onepamyH u. Bes o6nacTb KOCTHOrO RedeKTa 3a- 
NOJIHeHA PereHepHPOBAaBIeH KOCTbIO, MMelOIWeH ACHO BbIPaxKeHHbIM MacTHH- 
WaTLI XapakTep CTPoeHHA, TaBepCOBbI KaHaJIbl MH KOCTHOMO3TOBbIe MOmOcTH 
(puc. 1 6). Nocnequue coxepxxat xupoBol KocTHBIi Mosr. OcTeo6acToB y m10- 
BePXHOCTH KOCTH HeT. 
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Pure. 2 


JLAH, vt. 188, Ne 1, Marseesa 


Puce. 3 


244QRHA Nocae onepawun. OGnacts KocTHoro JedekTa 3anon- 
_HeHa pereHeppoBaBilleH KOCTIO. OT OfHoro H3 KpaeB CTapolt KOCTH B CTOpOHY 
HeeKTa KOCTH OTXOJMT KOCTHEI BEIPOcT. PerenepatT KOCTH 3aNOMHAeT MOUTH BCIO 
—OO1aCTh ObIBIMerO KOCTHOTO JetbeKTa, HO He CMbIKaeTCA C OCTAJIbHbIM KOCTHBIM 
_MACCHBOM B OJHO llesl0e, OTAeAACh OT Hero COeAMHUTebHOTKaHHBIMU IIpo- 
-cmowkamu (puce. | 6). 

Hopoo6pasopanhasd KOCTb MaCTHHYATaA, OCTEOIMTEI Je2%KaT B YIVIOWCHHEIX 
NONOCTAX, Apa UX CHJIbHO OKpallenHbI. B KOCTHOMOSIOBbIX MOJOCTAX HAXOJUTCA 
YKHPOBOM KOCTHBIM MOST C KPOBeHOCHBIMH CHHyCcaMu, 3a0HTHIMH (OpMeHHBIMH 

9JIEMeCHTaMH KPOBH, C HeOOJIbINHM KOJIMYeCTBOM PeTHKYJIAPHBIX 9JIEMeHTOB. 
Octeo6acToB Ha NOBepxXHOCTH KOCTH HeT. 

288 AHeEH Tocwe onepawuu. OGsacts OpiBuIero KOCTHOrO Je- 
_@ekTa 3amojHeHa pereHepupopasiieh KocThio. IlocnegHaa mpescraBrena Jo- 
_ BOJIbHO 3HAYHTEIBHLIMH KOCTHBIMH OCTPOBKaMM H KOCTHBIM MACCHBOM, CJIMBato- 
IMMMCA B eHHoe Wemoe C OJHUM U3 KpaeB Jedekta yepena. Hopoob6pa30BaHHan 
KOCTb HMeeT TaBePCOBbI KaHaJIbl, ACHO BbIPayKeHHOe MacCTHHUATOe CTpoeHue, 
_ KOCTHOMOSIOBbIe€ MOJIOCTH C XKHPOBbIM KOCTHBIM MO3sroM. OcTeOlWTbl — ymio- 
UIeHHbIe C APKO OKpAallleHHbIMM ApaMH, OCTeoONacTOB y MOBePpXHOCTH KOCTH 
haeT. | 
Takum o6pa3om,B cepHu Cc romonsacTHyeckol TpaHciaHTalnven IMOpuKsu- 
‘POBaHHBIX KOCTHBIX OMHJOK Mp yCJIOBHH COXpaHeHHA TBepAOM MOSroBOl O6o- 
_JIOUKK Y BSpOCbIX COOaK MpOHCXOANT pereHepaluA uepenHo KocTH. B mpo- 
tmecce pereHepaulHH KOCTHBIe OIMJIKH, MpHBHeCeHHbIe B OONaCTb KOCTHOFO Je- 
(ekTa, MogBepratorcA pacTBOpeHUio, a uaCTHYHO BKWJOUaIOTCA B OCHOBHOe 
BelleCTBO HOBOOOpasoBaHHOH KOCTH. OO6ylacTb KOCTHOrO JedeKTa 3anouHAeTCHA 
_ COCUMHUTEIBHOH TKAHbIO, B KOTOPOM MpOHCXOLAT Mpolecchl OcTeoreHe3a H HOBO- 
' o6pa3oBaHua ryOuaToi KOCTH, KOTOpad 3aTeM TepecTpavBaeTCA B KOCTb 
_ tuiacTunuaty1o. Heo6xogqumo, ofHaKO, OTMETHTb, 4TO Tpolecc pacTBopeHuA 
‘JIMOMWMSHPOBaHHBIX KOCTHBIX OMHJIOK Ppe3KO 3aMefWJIeH TIO CpaBHeHHIO C TaKO- 
BbIM IPH ayTO- H axke TOMOTPaHCIaHTaluu CBexKHX HIM KOHCepBHPOBaHHbIx 
KOCTHBIX OMHJIOK. COOTBeETCTBeHHO STOMY HM OCTeOreHes MpoTeKaeT Ooslee BAJO 
B MepBoM Cylyuae, a B pesyJIbTaTe XOTA H MpONCXOAUT perenepallua uepenHoK 
-KOCTH, HMelolleH [acTHHyaTOe cTpoeHve MH cosepKalllel KOCTHOMO3roBbIe 
MIOJIOCTH C KOCTHBIM MOS3TOM, Y BCeX MOJOMbITHIX 2KMBOTHbIX, HO pereHepaT 3Ha- 
YHTEIbHO TOHbINe KPaeB CTapOli KOCTH, B HEKOTOPbIX Cly¥aMdX COCTOHT U3 OT- 
JI@IbHEIX KOCTHBIX OCTPOBKOB H He COCTABJIAeT EAMHOFO Wesoro C OKpyKalolwjeh 
‘ero KocTbio. J[pyrumMu cjOBaMH, JIMOPHANSMPOBAaHHble KOCTHBI€ ONHJIKH, XOTA 
‘WM BBISBIBaIOT HHAYKIMIO WIN NpeBpallleHHe COCAMHUTEJIbHOM TKaHH B KOCTHY10, 
 OKA3bIBalOTCA MeHee 3cdbeKTHBHBIMH, YEM KOCTHBIC ONWIKH CBexKue, AayTO- HIN 
| TOMOMMacTH4ecKkH TpaHCIaHTHpOBaHHble B OOACTh fedekTa uepena. 


i: 


Il. TomoTtpaucnamanyTauHA AHYOPUANUSHPOBAHHOL 
TBe€PROH MOSTOBOH OOOF0UKH 
mM ayToTpaHcnmaHTanuA CBEKUX KOCTHHX ONHIOK 


4 _ B JaHHol cepuu onbita mModuNu3SHpOBaHHbIM TOMOTPaHCNMaHTaT MpHKUBaeT 
)M coxpaHaeTca Ha MeCTe AJINTebHOe BpeMA, Mp HaOmOZeHHH JO 275 Heli 
“tocie onepanuu. IIpu makpockomMuecKOM M3y4eHHH OH XOPOLIO MOKeT OBITB 
* oTLuddepenHiuupoBaH OT OKpy2Kalollleli ero TKAHU,U,YTO HEOOXOAMMO CielMabHO 
TloMyepKHYTb, He HMeeT HUKAKUX CMaeK C MOMVeKAallMMM MATKOM MU WayTHHHOM 
MOSTOBLIMH OOOOUKaMH MH MO3roM. OG6sacTb KOCTHOTO jieeKTa 3aTloHeHa TOu- 
“CTO Mpocnowkow CoeqMHUTeIbHOM TKAHH C HC3HAYHTeJIbHBIMH HOBOOOpasOBaH- 
HEIMH yyacTKamu KocTH. B Toii yactu OOmacTH KOCTHOTO JleekTa, re TBepyan 
O3roBad OOo0"Ka He Oblla MOBpexKeHa, MPOHCXOANIO SaloHeHHe ee 
ereHepvpoBaBllleii KOCTbIO, OObIYHOTO JIA KOCTeH CBOa Yepela CTpoeHna. 

110 mHew nocue onepanuu. OOsuacTb KOCTHOrO Jepekta 3a- 
ONHeHa TOACTOH MpocioKoi COeAHHUTeIbHOM TKaHH, PpaBHOH NO TONMIMHE 
paxMm koctTHoro jedexta (puc. 3). CoeqHHUTeIbHaA TKaHb BOJIOKHMCTas, Myy- 
‘H BOJIOKOH MpOXosAT GecnopsAyouHO B CaMbIX Pa3JIMNHbIX HallpaBNeHHAX; 
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WocTaTOUHO BaCKyJIApPU3supoBaHa, MpwyeM MpeoOaaloT KpyMHbIe KPOBeHoc- 
HBI€ COCYIbI; KsIeTOK Malo, BCTpeyaioTca spebie PopMbl THMa MHOpOUNTOB. 
Okou0 TpaHcnsaHTHpOBaHHOli TBEPpAOM MO3rOBOH OOOJIOUKH COXpaHAIOTCA OCTAT- 
KH KOCTHBIX OMHJIOK; 3TO HeOObIIMe pesKO Oa30WJIbHble OTJIOMKH KOCTH WJM 
*Ke CKOMeHHe GecctbopMeHHBIX pe3KO Oa30WJIbHBIX TvIbIOOK. OcTeoreHes B 
oO1acTH KOCTHOrO JetbeKTa BCe %Ke MPOHCXOAHT, HOBOOOPasOBaHHaA KOCTb pac- 
mlogaraeTcaA B BHJe OTICbHEIX HeOOJIbUIMX OCTPOBKOB HellocpefCTBeHHO TO], 
HaJKOCTHHUeH B COPMMHHTeIbHOH TKAHH, U OT KpaeB KOCTHOrO JedeKTa K LeHTpy 
ero OTXOJAT KOCTHBIe pa3spactanusa. IlocmeqHue xapakTepusyroTca WwiacTHHya- 
TbIM CTPOCHHEM H HMeIOT KOCTHOMOSPOBbIe MOJIOCTH C XXHPOBbIM KOCTHBIM MO3IOM. 
OyHako 06beM HOBOOOPasOBaHHOH KOCTH HeBeJIMK, UM OoIbIad YacTb OONAaCTH 
KOCTHOTO Jle@eKTa 3anoHeHa COCHHHTeIbHOM TKaHbIO. TBepflad mosroBaa 
O6o0UKa COCTOHT H3 KOJIJIareHOBbIX BOJIOKOH, MpOXOAMMX B MpOAOJIbHOM HM 
MOMepeyHOM HallpaBJIeHHAX, KJIETOK B He He OOHapyxeHO. 

Ta wacTb KOCTHOrO JectbeKTa, re TBEPAy!O MOSrOBy!0 OOOJIOUKy He NOBpexk Lau 
HW He 3aMelllasid FOMOTPaHCIIaHTaTOM, 3aMOJIHMJIaCb KOCTHBIM pereHepatom, 
HMeIOULHM IlaCTHH¥aTOe CTpoeHHe, C OObIMHOTO JWIA pa3sBHTOH KOCTH Bua 
OCTeOILHTaMH, C KOCTHOMOSFOBbIMH MOJIOCTAMH. 

Uepes 185, 237 u 275 AHel Nocue onepaluu rucTOorHyecKad KapTHHa aHa- 
JIOTHYHA BbIwWe OMMCaHHOH. 

Takum o6pasom, JanHbie II cepuHu OMbira MO3BOJIAIOT CJeaTb 3akIOUeHHe, 
YTO JIHOPUIMSUPOBaHHad TBepLad MO3rOBad OOONOUKA MOXKeT ObITb ynoTpedseHa 
B KaueCTBe TOMOTPAHCIMaHTaTa: OHA IIpWKUBAeT, CpacTaAch C KpaxAmu ObIBLUIeTO 
jeceKTa, He OOpasyeT claeK Cc NOWIexKAaljYMH TKAHAMM MATKOH MW NayTHHHOH 
MOSTOBLIX OOOIOUeK H MO3sra. OfHaKO ocTeoreHe3 B OONACTH KOCTHOrO JedeKta 
IIPH 9TOM pe3KO OrpaHHyeH H MOCIeTHAA SaNOJIHACTCA COCAMHUTeEIbHOM TKAHBIO. 

BuBpogu 1. pu romorpancnaantTayHu MHOdYIH3MpOBaHHbIX KOCTHBIX 
ONWIOK B OONaCTh eceKTa yYepena HM COXpaHeHHH Ip 9TOM TBepsOH MO3roBoH 
OOOJIOUKH MpOHCXOAMT pereHepallMA uwepenHOH KOCTH. 

2. JivodusHu3supoBaHHble KOCTHBIe ONMHJIKH, pacTBOpAACh, MOOyxKMaloT coesu- 
HHTeCIbHYIO TKAHb K OCTeOreHe3sy, MpOMCXOAAWIeMy MO THY IMOpHMoOHaTbHOrO, 
C BOSHHKHOBeHHeM ryOuaTOH KOCTH UM ee NepeCTPOHKOM B MaCTHHUATYIO KOCTb. 

3. KoHeuHBIH pesyJIbTaT MpH YTOMOTPaHCanTaluH MOpUIM3HpOBaHHbIXx 
KOCTHBIX OMNWJIOK HeCKOJIbKO xy2Ke, YEM IPH ayTOTpaHCwaHTaluH CBeKUX 
ONWJIOK KOCTH, 4TO, MO-BHMMOMY, CBA3aHO C 3aflep2KKOH Mpolecca pacTBopeHHa 
WX. 

4, TomoTpaHcniaHTalud IMOPUIM3HpOBaHHOH TBepZOH MO3roBoH OOO0UKH 
BO3MOXKHA KaK MeTOJ 3aMeleHHA TeseKTOB ee, HO pereHepallHH KOCTH B OOaCcTH 
leekTa yepelia Ip STOM He MpOMCXOAHT, HU MOCNeTHAA 3anoHAeTCA CoeqH- 
HMTeJIbHOH TKAHbIO. 


VWucrutyT mopdouviorHu xHBOTHBIX uM. A. H. Cepeprosa Tloctrynuuio 
AxkagemuH Hayk CCCP am, @ 8 aw bc ]0\0) 


UHMTHMPOBAHHAA JIMTEPATYPA 


1A. Kiss, D. Atta, G: Bornem is 7,4, Bruns pence klin. Chiruncic mio: 
2, 178 (1958). 2 A.A. Kaemeut, B xu. [po6sempl mepecagku H KOHCepBalun opra- 
HOB H TKaHeH, 1959, crp. 160. %A.H. Matspeesa, JAH, 119, Ne4, 830 (1959). 
4 A.W. Marseesa, Folia Biologica (Polska),7, 3, 239 (1959). 
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PH3SHO.10OlTHA 


Uunen-Koppecnonzent AH CCCP Ff. H. CNEPAHCKHHM u WO. M. HPATYCEBHU 


AMUHAMHKA KOPKOBO-NOAKOPKOBbIX OTHOWIEHHH Y JIETEM 
MPH CHATHH YMCTBEHHOFO YTOMJIEHHA PA3JPAXKKEHHEM 
PENENTOPOB KOKKH JIHWA 


Heckoibko sleT Ha3a_ HaMH ObLIM BbIABJIEHDI! H omucaHbl (') AMTeWNIb- 

HbIe TOPMO3SHbIe (asbl B OOVIbINMX NOYUWIapHAX TOJOBHOTO MoO3ra peOeHKa, pa3- 
\ BMHBaOllwecA MpH YMCTBeEHHOM YTOMJICHHH BO BpeMA yueOHbIX 3aHATHH. Kwac- 

- CHYeCKaA CeKPeTOPHO-ABUTaTeIbHaA MeTOAMKA YCIOBHLIX pecbieKCOB BBIABHNA 
, MOCTOAHHOe HapyilleHve MpaBMJIbHbIX CHJIOBLIX OTHOMICHHHM B yCJIOBHOpedseKTOp - 
_ HOH CeKpellHH pu yueOHOH Harpy3Ke y JleTel, MocTHraBuieH 8—11 uac. B WeHb. 
Ham yflalocb CHATb YMCTBEHHOe YTOMJIeHHe, BOCCTAHOBHB ONTHMaJIbHY1IO BO3- 
 SyAuMoctTs OobIIMX NoMyWiapuli WyTeM coKpallleHua yyeOHOH Harpy3KHu JeTeli 
wa 3 uaca B WeHb 3a C4UeT YMeCHBbUICHHA JOMALIHHX 3aqaHHu. CooTBeTCTBeHHO 
 6bIIO YBeEAMUCHO BPeMA MpeObiBaHUA JeTeli Ha YuCTOM BO3TyXe (ae 

B mocieqHee BpeMA U3y4eHHe JeATebHOCTH Mo3ra peOeHKa IPH MOMOLLU 
\ YyCJIOBHBIX pedieKcoB, T. €. aHasIH3 MO TOpH3OHTaJIH, Obl HAMH JOMONHeEH u3y- 
 eHHeM JHHAMHKH peaKTHBHBbIX MOTeHIMaJIOB TOJIOBHOrO MOSTa, T. €. aHasH30M 
110 BEpTHKaJIH. STO NO3BOHIO, IPHMCHHB MOAMDHUMPOBaHHbIM MeTO], peakTHB- 
HbIX MOTeHILMaIOB no Jlopenny u JlocceTTy, Noka3aTb U3MeHeHHe BJIEKTPHueCKO 
| peaKTMBHOCTH rojOBHOrO Mo3ra peOeHKa Mp YyMCTBeHHOM yTomueHuH (°), 
| Hawi uccneqoBaHua peakTUBHEIX MOTeHIMaJIOB yKa3bIBasIM, YTO OCHOBHAA TeH- 
eHIUMA B padoTe yTOMJeHHOrO Mosra peOeHKa 3akKsJIOUaeTCA B YBeIMYCHHH Koadp- 
@YUMeHTa CHHXPOHH3allWH HM 9SHEPTHH peaKTHBHBIX NOTeHMaoB. I[locue- 
Ayoulve Halll paGoTb! BLIABHJIH, YTO MPH YMCTBeEHHOM YTOMJICHHH HaOwO,aioTca 
He TOJbKO TOPMO3HbIe COCTOAHHA B OOJIbUIMX MOJYWapHAX, HO, MO-BHAMMoMy, 
MIOHWKaeTCA YpOBeHb CHHAalTHYeCKHX Mepeau BOCXOAAMeH AKTUBUpPyrolleh 
CHCTEMBI peTHKYJIApPHOM cbopMalluu Mo3roBoro cTBOJa. AHaJIOTMYHbIe ABJICHUA 
MbI HaOM10anu y eTeli mpu OnoKaye aqpeHopeakTHBHEIX Wi M-xomMHOpeaKTHB- 
HBIX CHCTCM I€HTPaJIbHbIX CHHAMCOB B PCTHKYJIAPHOH opMallMu CTBOJIa Mosra 
45 

Fa) 
| CBASH C H3JIOXKCHHbIM WeIbIO HACTOAUeH padoTb! ObWIO BLIMCHHTb Xapak- 
TePHCTHKY KOPKOBO-OAKOPKOBbIX OTHOWeHHH B YTOMJIGEHHOM yuyeOoli mosry 
peOeHKa H OMpeeuTS MYTH HM MeTOEI eCTeECTBeEHHOFO H3Me€HCHHA STHX OTHOIIIe- 
HHH B CTOPOHY HOpMaJIu3alluH-ero BbICIIeH HepBHOM MeaTebHOCTH. 

Y fete 12—15 mer mpou3Boqun0cb KOMIIJIeKCHOe HM CHCTeMaTHYeCKOoe U3y- 
YeHHe BBICIUeH HepBHO JeATebHOCTH pH YMCTBeHHOM yToMJeHuH. J\ia 9Toro 
CeKPeTOPHO-ABHTaTebHad METOANKa YCIOBHEIX pedlekcos H.W. KpacnoropcKoro 

Oba HAMM MOJMULMpOBaHa MyTeM AOOaBJIeHHA K Hel PervcTpalun ceLyIOUlUx 
_ KOMMOHEHTOB MHIMeBOH peaKIHH: JbIXaTeJIbHOrO, COCYMUCTOTO MH KOMKHO-FaJIbBa- 
_ HMyecKoro (K.r.p.). Takaad KOMMJI€KCHOCTh NosBolAa riyOxKe M NowHee u3y- 
YHTb KOPKOBO-MOAKOPKOBble OTHOWeHHA y JleTeH. 

Kak moka3auu onpitsl JI. H. Ulyctpyiickou, 1p yMCTBeHHOM YTOMJICHHH OTMe- 
_ 4aeTCA TPYMHOCTS BELIPAOOTKM AMHaMMYeCKOrO CTepeoTUMa, CeKpeTOPHble yCJIOB- 
HbIe Pe*eKChI OOpasyioTcA C OOJbINMM TPpyAOM, HX CHJIOBbIe OTHOMICHUA Hap YINEHBI 
he He COOTBETCTBYIOT MaBJIOBCKOMY «3aKOHY CHJIbm, AHHAMMYeCKHH CTepeoTun 
B WesIOM XapakTepu3yeTca Kpalineli HeYCTOMYMBOCTHIO H HH3KHM YPOBHEeM YCJIOB- 
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Ta6aunna 1 


td] Of CKppbiThili me- TlepHoy. Amnuutyza 
aS 3 5 1 yi | PHO pediex- bIxXaHHua nweTH3MO- KeaneaD e 
i=¢ o Bao Ca B-CeK. B ceK. rpaMMb!l B MM = 
on 3 Ycnosubli pasypaxku- jee : & is S .a ' 5 
elt = TeJIb on” 5 ‘z ree P| is oF ae Pst los 
5 2) 9 O FE aS a) aoe ee) a) HO mS a 
2 EI 3 oiien et ee He Fd ax < | oe ot Fe |S 
2. | cor OR | 85 Se oe ae oe ae oo x Fa |S 
male >os| Ss Re | ae] se CEL Be | ofo] ae |E 
Tana I]., 14 mer. Onpir 214 XII 1960 r., Hauano B 14 4ac. 03 mun. 
o |51) 3ByK 7 ru 4 So leeleon, | SnOMmsao) 15 12 3,8 | 2,0 J+ 
4 |47) Kpacupit cBet 4 Aor AON ese 750 16 13 3,0 } 1,0 |+ 
5 |27| 3esenpiii cBeT 4 {2,60 MONO oor mon 13 1a PAA |e th. '8. SO 
3 |28) SeneHbti cBeT 4 PAs) || MOneY Sher LinW 42 12 O50) ORE |'OF 
3 |52| SByK 7 rH 5D Scone Ont idan | Byes) 44 9 6,0 | 2,0 j+ 
Kona M., 13 mer. Ontrr 4 X 1960 r., Hauano B 12 vac. 58 MuH. 
5 |55| SByk 7 ru 3 yO CA | Beat) Oe) 5 2,5 | Her | Her |+ 
3 |44] Kpacueii cBet S A | Oom KONO rs 5) 2 Her } Her -|+ 
4 |23) Seneupi cBeT 4 16,3" | idenk| Seo stone 2 =) Her | Her |0 
2 |24| 3enenpilit cBeT 4 190 Hen iisyenseore 5 6 Her | Her |0 
2 |45| Kpacupri cBert (coB- 
| TlaarouynH ) = — Der lainey) 450 6 3 3,0 | 0,2 [+ 
Tana I., 144 mer. Onpir 14 XII 1960 r., nauano B14 uac. 10 muy. (nocane jelicrBuA 
XOIOfOBoro areHTa) , 
4 |48| 3pyx 7 ru 9 PANN Ones Weeh|l, 5s! 8 4 Cnon-| 42 {+ 
TaH- 
; Had 
4 |45| Kpacupiit cet 6 3.0} LORS a aiees ONG 10 5 16) 10 J+ 
5,0/26| Senenbri cBer 4 26, OU) Hem We, 0) ore 4 4 Her | Her |0 
1,5|49| SByk 7 ry 6 53 Salle Oe oa ee Oia die Oe lie 2s oem me Heel On es 42 j+ 
Koa M., 13 ner. Onnir 18 X 1960 r., Hayano B 13 uac. 54 MHH. (Mocne RelicTBHA 
xXOOM0BOroO areHTa) 
5 |07| SByK 7 ru 6 STS) WO Ror ono meen OUnl ator Oman Onc) 1,6 o [+ 
4 |46| Kpacupiit cet 3 Neca) Oya) mati CaO I ab osy oP ose i ae) o [+ 
4 |25| 3enenpit cBer 4 7,0 | Her |3,0} 3,0 | Cuapuoe pac-} CnontanHaa 
mupenue peaxuna | 0 


HbIX pedsleKcoB. I]pu 3TOM ObIIO BLIABJICHO, YTO KOMMOHEHTHI YCJIOBHOTO MHUeBOro 
pedleKkca TakxKe CBUJETEJIbCTBYIOT O HAJIMYHH TOPMO3SHBIX COCTOAHHH B rOJIOBHOM 
MOSry Ha YyPOBHe TOJKOPKOBbIX OOpas0BaHHH HW peTHKYJApHOH copmMalluu 
cTBOa Mosra. AjlanTalMOHHble peaKIWHH (KOMMOHeHTHI MHUeBorO pedieKca) 
ObICTPO HM NOMHOCTHIO yralllaivcb (K.I.p.) HIM Yepe3 HECKOJIbKO OTBbITOB CTaHO- 
BHJIMCb OWCHb Ca6O BbIPaKeHHbIMH (COCYMCTHIe, DbIxXaTeJbHbIe). CxogHoe C 
STHM ABJICHHe MbI HaOsIOLaH MpH OOKaye AMM3HJIOM XOJIMHSPrvuecKHX LeHT- 
PaJIbHbIX CHHAMCOB PeTHKYJIAPHOH COpMAaLHH MO3FOBOrO CTBOJIA, MpOH3BOMMOM 
y fete Mp OMepaTHBHOM BMEIlaTeIbCTBe C WeNbIO CHAT CTpax MH OoJIb 
(°). Torga y Hac MomHOCTbIO yralliaiacb OPHeHTHPOBOUHAA K.r.p. Ha MpepbIBHC- 
TIM CBeT, KOTOPpad CHOBa BOCCTaHAaBJIMBaslacbh C IpeKpallleHvem JlelicTBuA mpe- 
Mapata. OTH *akTbl, OTPaxKalOllWe KOPKOBO-IMOAKOPKOBbIe OTHOMICHUA, XOPOLIO 
BUHbI 3 MpOTOKOJIOB ONbITOB (Ta6n. 1) WH COOTBeTCTBY!IOWIMX HM KHMOTpaMM 
(puc:, «1; 

C leubiO TOBbILMeHHA TOHYCa MOAKOPKOBBIX OOpas0BaHHii HU KOpbI OoMbIINX 
Mov yiapMi, KOTOpPble Obl NOHWKeHbI BCMeEACTBHe yTOMJICHHA OT CHCTemMaTH- 
yYeCKOH YMCTBeHHOH paOoTbI B Kwacce, MbI IPpHMeHWJIH pas—pawKeHve pelento- 
poOB KOXKU JIMIa UW YWIHbIX PaKOBHH XOJIOJOBbIM areHToM. B TeyeHve MHOrHX 
CTOJIETHH H3BeCTHO, YTO OLEH, HaxXoAAMMxcH B rayO6oualtiem OOmMopoKe, OT- 
JIMBalOT XOJOQHOH BOOH, KOTOpaA BOsBpalllaeT WM cosHaHHe. OT JelicTBUA 
XOJIONHOH BObI Ha JIMUO H Welo TpesBeeT MbAHDIM yuenoBeK. Mbt B TeyeHHe 
"/oMMH. pasiparKaM pellenTopbl Mla HW yUIHIX paKOBMH XOJIOQOBLIM areHTOM, 
YMeIOINMM TemMepatypy -+-10°. YxKa3aHHoe -BosfelicTBHe CHHMasO y JeTeli 
yTomueHHhe, CO3qaBalo y HUX OLLylwjeHve OoApocTH u cBexKecTH. OHOBPpeMeHHG 
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OTMeYAaJIOCh Pe3KOe MOBBILeHHE TOHYCa MOAKOPKOBbIX OOPasOBaHHH, a 3aTeM 
H KOpbI GoubuIMx Nomyuapul. TloppmmueHve TOHYca MOAKOPKOBbIX OOpasoBaHnit 
BbIPaKasOCb B BOCCTAHOBJICHHH BCeX ajlalITaI[MOHHbIX KOMIIOHEHTOB MMIeBOro 
ycsIOBHOrO pedieKca (oco6eHHO KOXKHO-FasIbBaHHYeCKOH MH COCyAMCTON peakIHi). 
Ha6moxanocb CHIbHOe, OUCHb ANTeIbHOe H Mporpeccupyiollee pacuiMpeHnue 
MaJIbIeBLIX COCYIOB, OCOOeHHO BbIparKeHHOe Ha POHE MPHMeHHeMbIX Pasfparxku- 
tenet. Tlospuvica CNOHTAHHbIM K.T.p., aqanTaWHOHHbIM K.r.p. KaK KOMMOHeCHT 
ycloBHoro rMlleBoro petpleKca He TOKO BOCCTaHOBWJICA, HO H YCHNIMJICH, 
aMIIHTyla ero Bo3pocda, a JlaTeHTHbIM NepHoy cokpaTusca. 

Beez, 3a MOBbINeHHeEM TOHYCa NOAKOPKOBbIX OOpa3s0BaHHit ONTHMaJbHaA 
BOSCYAUMOCTh BOSBpPallalacb H K Kope OobWIMX Nowymapuu. IIpousoua Hop- 
MaJIH3alHA BbICIIeH HePpBHOH JeATeJIbHOCTH Ha YPOBHe KOPKOBBIX peakIHi. 
YcsoBHope@seKTOPHble OTBETHI, XAPAKTePH3ylIOUIMe THHAMMYeCKHH CTepeoTum, 


MOBbICHJIHCb, BOCCTA€HOBHJINCbh IIpaBHJIbHble CHJIOBbI€e OTHOMIEHHA CeKPeTOPHbIX 


YCJIOBHBIX pedbJIeKCOB COrlacHO «3aKOHY CHIbI. Bee 9TO UOCTpupyeTca mpo- 
TOKOJaMH onbiITOB (Ta6. 1) H KHMOrpaduyeckoH 3amHcbio UX (puc. 2). 

OnucaHHble H3Me€HeHHA pedJIeKTOPHOH eATeIbHOCTH MO3ra peOeHKa IIpH 
eHCTBUH XOJIOMOBOrO areHTa Ha pelenTOPhI KOKA JIMIWa HU YWIHEIX paKOBHH yKa- 
3bIBaIOT Ha BO3MOXKHOCTb MOBbIMATb TOHYC MOJKOPKOBbIX OOpas0BaHHH M KOpbI 
TOJOBHOFO MO3ra H TEM CaMBbIM IIpeOOJIEBaTb TOPMO3HBIe asbl B TOJIOBHOM 
Mosry peOeHKa, KOTOPbIMH *u3HOMOrHYeCKH XapaKTepH3yeTcaA ero yMCTBeHHOe 
yTOMJIeHHe. 

Bo3MOxXKHO, YTO XOJIOROBOH areHT pedleKTOPHO NOBbILaeT TOHYC BOCXOJAMLeH 
AKTHBUPYIOUleH CHCTeMbI PeTHKYJIAPHOH opMalHU CTBONa MO3sra, KOTOpad He 
TOJIbKO AaKTHBUPyeT KOPy, HO HM TeCHO CBASaHAa C rHNOpusapHO-aspeHasOBOH CH- 
cTtemohH. MoxerT ObITb, XOJIOMOBOH areHT peqJIeKTOPHO BBISbIBaeT BbIOpOc alpeHa- 
JIMHa HajIMOUCUHHKOM, Kak yKa3blBaeT [anc Cebe, a BCe H3MCHCHUA Ha YPOBHE 
NOKOPKOBbIX OOpasoBaHHlt H KOPbI FOJIOBHOTO MO3La BBISbIBAIOTCA a peHasIHHOM 
BTOpHuHO (°). 

Mbi paccuuTbIBaeM, UTO HEKOTOPbIH CBET Ha BOMpOc O MeXaHH3Me BO3eHCTBHA 
XOJIOMOBOTO AFeHTa IIPOJIbIOT BeAyWLHeECA HAMM MCCJIeOBaHHA PeaKTHBHbIX 0- 
TeEHI[HAJIOB TOJOBHOFO MO3Ia COBMECTHO C JHHAMHKOH apenaJHHa u ero NposyK- 
TOB B KpOBH y jfeTeH pH xoMOZOBOH mpobe. 


Axkajemuyeckaa rpynna IT. H. Cnepancxoro Ilocrynuso 
AkajleMHH MeHIHHCKHX HaykK CCCP 16 II 1961 


UMTHPOBAHHAA: JIMUTEPATYPA 


210. M. [lp aay ce sia, AT 10457 08m 955) yen O oe ema pean, 
Cop. negaroruka, 9, 75 (1956). %T.H. Cnepauckuit, 10. M. IIpatycesuy 
H.H. Kop», JJAH, 131 1472 (1960). *41°.H. Cnepauckun 2 
cesBu4, JAH, 136,508 (1961) ST.H. Cnepauckuih, 1O. M. Iipa 
JAH, 136, 745 (1961). ® Taue Ceapbe, Ouepxku 06 aganranHonHom cunzpome, M., 1960. 


Hoxaagn Anagemuu nayr CCCP 
1961. Tom 138, Ne 4 


IAPA3SHTOJIOTHA 
JI. WH. TPAYEBA u J. H. 3ACYXHH 


KYJIBTHBUPOBAHHE TOKCOILJIA3M B ACIIMTHOM 
KAPHHHOME MbIIENM 


(ITpedcmaeneno axademuxom E. H. Hasaoeckum 16 XII 1960) 


Meto, KYJIbTHBUpOBaHHA HelipOTpOMHbIX BUpycoOB B MWOTHBIX OlyxXomAx 
2KMBOTHBIX ONMCcaH B paOotax JlepaguTH u Huxomay (1923). B mocmenyrouque 
rombl payqom astopos (lex, Toponumopa, Banar, Akopnes, 3Barun, 1947— 
1948 rr.) NpoBegxeHb yqauHble SKCMeEPpUMeHTHI MO KYyJIbTHBUPOBaHHIO B MJIOTHBIX 
OMYyXOJAX 2KMBOTHBIX BHPYCOB OelIeHCTBA, NOMMOMHEIUTA, KJIeMkeBOrO HW ATIOH- 
cKOro SHWepaluToB u Ap. B 1952—1953 r. ony61uKoBaHbI padoTb psa aBTOPOB 
(Myp, Konposckuii), B KOTOpBIX cooOmLlaeTCA O/ KYJIbTHBUPOBAaHHM BUpycoB 
B %KHAKOH OMyXOJIH — AaCIlHTHOL KapllMHOMe MObIIIeli. 

A. HW. Vpanenko (°), kybTHBUpyA B ACILMTHOM KapIl{MHOMe MBINeH BUpycbl 
KJIEMWIeBOrO H ANOHCKOTO SHepasuTOB H BUpyc MOJMOMHeIHTa, yTBepxaeT, 
UTO 5TA METOJMKa HMEET CYIMIECTBEHHOE MIPeUMYINecTBO Mepey APyrHMu MeToyamMu 
KYJIBTHBUPOBaHHA. JKuKad aCllMTHaH KapIl[MHOMAa B Ka¥ecTBe CpesbI MO3BOMAeT 
ObICTpO NOyIaTb CpaBHUTeMbHO OoubuINe OObEMEI BUpyccojepxawero MatTe- 


 ~pHaua. 
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Kpome Toro, HeoOxXoquMO YUNTEIBATb JIErKOCTb MepeBuBKH onmyxou, 100- 
TIPOLWCHTHYIO TIpH2KHBae€MOCTb MH BbICOKYIO YCTOHYHMBOCTb OMYXOJIEBLIX KJICETOK 
K TemMepatype. 

AciuTHad KapUMHOMa COCTONT M3 CBOOOHONMABaIOMIMX UH ObICTpOpasMHO- 
*KAaIOULHXCH KMeETOK WU %KuAKOM mpakiwuu — skcyyaTa. MopmMa u pasMepbEl ony- 
XOJICBLIX KJICTOK, a TaKXKE BEMMUMHA HW CTPYKTypa Apa OTMMAAIOTCA 3HAUHTEb- 
HBIM TMouHMOpu3sMom. Hapsay c MeIKHMM KJIeTKaMU, pas3MepaMH He TpeBoc- 
XOJAMMMU CpeTHUH IMM@OUUT, BCTPeualoTCA OOJIbUINe KeTKM, MpeBOCXOsAMNe 
10 BeIHYHHE MOHOLNTHI. 

Jina mlomyuenua onmyxoueporo 9kcyfaTa GejbIM MbIuaM Becom 18—20 r 
BHYTPHOpriolivHHO BBOLAT 0,5 Ma pasBeyeHHOrO B 2—3 pasa usHoNOrMYeCKHM 
pacTBOpoM omyxoseporo acuuta. Ha 9—10 geHb OT KaxKQOH MbIINH NoOTyyaioT 


70 10 ma acuMTHOw xu_KOCTH. 


a) 


Bos6yyutTeib ToKconmasmMo3a, Toxoplasma gondii, Tak xe KaK u Bupyc, 
ABJACTCA BHYTPHKJeTOUHBIM TapasHToM. ToKcolsla3M He yyaeTCH KYJIbTUBH- 
POBaTb Ha HCKYCCTBEHHBIX Cpesax; WIG UX PaSMHOXKeHHA HEOOXORMME! MKUBHIC 
KJI€TKH. 

Mbi peliuu BbIACHHTb, HaCKOJIbKO MpHrofua aCIHTHAA KapllMHOMa AA 
KYJIbTHBHPOBaHHA TOKCOMIasM — C IeJIbIO HCMOIb30BaTb STOT METOA AJA TIpH- 
TOTOBJICHHA AHTHTeHa. 

Munuefi uHTpanepHToHeambHO 3apaxKaJIM aCIHTHOM KaplMHOMOH Opunxa, 
M 3aT€M BHYTPHOPIOWINHHO BBOAMIM TOKCOMJIA3MBI. 

Ecau 3apaxkenve MpousBolHu B NepBble TPH JHA pasBUTUA ONMYXOJIU, SKCy- 
aT npakTuyecku elle He ycneBasl OOpas0BaTbCA: MbILIM NorHMOasH OT TOKCOTNA3- 
MoO3a IIpH O4YeHb MasioM ero KosuuectBe (0,5—I1 mu). [pu 3apaxkenuu TOKCoMIa3- 
Mamu Ha 4—5 jeHb pa3BHTHA KaplMHOMbI MBI WaBatu ye 2—4 Mi dKcyfara. 
Camoe GobuwI0e KOMMYeECTBO 9KCy1aTa, HAaCbIIeHHOTO TOKCOIMMIa3MaMM, KaKOe 
HaM yaBas0cb NomyuUTh, ObII0 6 MI, B TO BpeMH KaK OHH ONYXOMeBbIE KIETKH 
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BEISbIBAIOT OOPa3s0BaHHe Topa3yqO OovIbillero KONMUeCTBA 9KCyaTa — qo 10 MJ, — 
a OHH TOKcCOMMa3sMB JMuIb 0,5—1,5 mua. 

Hau6onee yOOHbIMA CpOoKaMH 3apaxKeHuA AIA MOMyYeHHA OOAbUIOrO KO- 
jimuectBa SKcyaTa C TOKCONa3MaMH ABAAeTCA 5—6 JeHb pasBHTHA ACIHTHOH 
KaplHHOMBI. 

Bowee mo3qHve CpOKH pa3BHTHA KapWMHOMbI JIA 3apaxKeHHA TOKCOMIAasMa- 
MM IIPHMeHATb He CJleqyeT, TaK Kak MbIIMM C OMYXOJbIO KUBYT 9—10 yHel, a 
TOKCOMa3MbI Jit pasMHOxKeHHA TpeOyioT 3—4 HA. Mbt npoOoBamH BBOJHTb 
ToKcomma3sMpr Ha 8—9 yeHb pa3sBuTHA onyxouH. Mpnuu norn6amn na 9—10 
JeHb OT OOMbUIOFO KOMM4eCTBAa 9KCYAaTa, HO C MAJIbIM KOJMYCCTBOM TOKCOMJa3M. 

Ilpu MuKpocKonMpoBaHHH 9SKCyaTa BUHbI OMyXO/eBbIe KETKY, MpOTO- 
TWla3Ma KOTOpHIX HadapliMpoBana TOKCONMasMaMu. B pesybTaTe paspyuieHuA 
OMYXOJICBbIX KJe€TOK TOKCOM1a3MbI OKasbIBaloTcs CBoOoAHEIMU. Mopdomornyuecku 
OHH OKa3bIBalOTCA He  H3MCHCHHBIMH. - 

DKcyaTOM, COWep2KallHM ONyXOMNeBbIe KIETKH HM TOKCOMNMA3MbI, MBI IIbITaIHCb 
3apasuTb cBexKUX Mblneli. Mpmuu nornOaiu Ha 3—4 JeHb Nocwe 3apaKeHua 
C MMHMMAJIbHbIM KOJMUCCTBOM SKCYaTa, PaBHbIM KOJMYeCTBY, NOyyaeMomMy 
IpH sapaxKeHuM MbIlelH OJHHMM TOKCoMJa3sMaMu. Ilo-BuyuMomy, onmyxomeBbIe 
KJICTKH, HACbIILeHHbIe TOKCOMIa3MaMH, He B COCTOAHHM BbISbIBATh OOpa3s0BaHHA 
3KcyaTa B KOPOTKHIi CpOK H B TaKOM KosH¥eCTBe, KOTOPOe MOryT OOpasoBaTb 
YMCTHIC OMYXOJIeBLIe KJIETKH. 

[Ipu orcranBaHun 9KcyaTa C KapIWHOMATO3HBIMH KJIeTKaMH HW TOKCOMIa3Ma- 
MH OIyXOJIeBbIe KJ€TKM BbINaaloT B OCaqOK. ITO MpOMCXOAMT yxe 4epes 
1,5—2 uaca cTOAHNA B UpoOupKe; Np 9TOM BMecTe c OobUIeH YaCcTbIO OMyXoO- 
JI@BLIX KJ€TOK BbIlaaeT B OCaJOK MW 4YacTb TOKCoMNa3M. lIpu neaxtpudyrupoBaHHun 
akcyfata mpH 500 06/MuH axe B TeyeHHe 2 MHH. B OCaJOK BbilafqaeT OoNbIIAA 
YaCTh TOKCOMIA3M. 

SToT Bompoc Tpe6yer JasbHehweH pa3spaOoTKH: HeOOxoqHMO HalTH cmocob 
OCcBOOOKTEHUA SKCYIaTa OT ONYXOJIEBLIX KJIETOK C LesbIO TaNbHeMINero HCMOMb- 
30BaHHA 9KCYyMaTa [JIA M3FrOTOBMCHHA AaHTHTeHa. 

Busou. |. YcraHoBseHa BO3MOKHOCTh KYJbTHBUpOBaHHA TOKCOMMIAa3M 
B ACIIMTHOH KapIHHOMe MBIIeH. 

2. HanOouee yROOHBIMH CpOKaMM 3apaxKeHHA JIA NOMYYeHUA OosbIOrO 
KOIMYeCTBA SKCYaTa C TOKCONMA3MaMH ABIAeTCA 5—6 eHb pa3BUTHA aCcllUT- 
HOH KapI{HHOMBI. 


VMHCTHTyYT SMMAeMHOJIOrHH HM MUKpOOMOOTHH Tlocrynuso 
um. H. ®. Damanen 15 XI 1960 
j. Akayemuv Me2MuHHCKHX HayK CCCP 


IMTHPOBAHHAA JIMTEPATYPA 


1B.A. Barxauosa, Bonp. supyconorun, No 3, 179 (1957). 2 V. A. Vagza- 
nova, Acta virologica, 3, 101 (1959). 3D.N. Zasuchin, Ceskosl. parasito- 
logie, 5, Ne 2, 217 (1958). 47.H. 3acyxuu, )KypH. mMHKpoOvon., snMeMHON. H HMMyHO- 
Guon., No 10, 81 (1960). ° A.W. Upaunen ko, DKypH. MMKpOOnON., snMeMHON. H MMMYyHO- 
6uon., Ne 9, 82 (1954). ‘A.W. UBaweuKo, )KypH. MukKpoOHoN., smuqemHon. 
Mw uMMyHOOHON., Ne 10, 86 (1954). *A.T. Kpaspuenxo, A.W. Axkosases, 
DKYpH. MHKpoOuOu., snuzemvom. H HMmMyHOOvoN., Ne 11, 52 (1949). 


248 Y 


